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SYMPOSIUM ON THE NEWBORN 


FOREWORD 
R. JAMES MC KAY, JR., M.D. 


Consulting Editor 


This series of papers on the newborn in- 
fant is presented with the idea of offering 
useful guides to the practitioner who deals 
with the newborn infant. In general, the 
particular papers were chosen because they 
deal with controversial subjects, with new 
knowledge or emphasis in the care of the 
newborn infant or with areas in which the 
Consulting Editor believes that misconcep- 
tions are widely held. Certain areas of 
obvious interest have not been included because they have been well 
covered in other papers that have appeared in recent issues of the 
Pediatric Clinics of North America. 





Mary Fletcher Hospital 
Burlington, Vt. 
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PERINATAL MORTALITY 
AND PEDIATRIC MORALITY 


R. JAMES MC KAY, JR., M.D. 


En recent years obstetricians and public health authorities, looking 
for new fields to conquer and lured by the challenge of relatively 
stable statistics, have emphasized studies in perinatal mortality. Often 
disclaimed, but nevertheless implied and sometimes declared in this 
emphasis, has been the idea that a reduction in perinatal mortality will 
benefit mankind. On the other hand, there has been increasing concern, 
especially among thoughtful nonmedical people, with the trend of 
modern medicine to save life without regard for the social and eco- 
nomic meaning and consequence of that life to the individual, to his 
family and to society as a whole. The campaign against perinatal mor- 
tality should be re-examined from these viewpoints. 

One of the arguments most frequently advanced in favor of a reduc- 
tion in perinatal mortality has to do with the loss to society of potential 
numbers of productive people. This line of reasoning seems to be based 
on the assumptions that the world is underpopulated, that increasing 
the population will automatically contribute to the economic and 
general welfare of humanity, and that the individuals saved by a direct 
reduction of perinatal mortality will be desirable and productive mem- 
bers of society. Are these assumptions valid? 

That the world is underpopulated is open to serious question. Indeed, 
there is growing concern that it may already be overpopulated. In cer- 
tain areas it is apparent now that further population increases will 
result in lowering rather than increasing standards of living. This 
potential progressive increase in population and resulting lowering of 
living standards could be suicidal. If present trends continue, it will be 
preventable only by wars, other premeditated mass killings, or by the 
opening up through development of means for interplanetary travel of 
as yet undiscovered areas fit for human habitation. Nor is the fact that 
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a growing population is “good for business” a valid point in favor of 
population increases. Is the purpose of human life to improve the 
economy, or is the purpose of business and “the economy” to facilitate 
and improve human living conditions? Certainly the latter alternative 
is more valid than the former. 

In addition to these general considerations, we must face the fact 
that premature birth, congenital malformations and physiologic or 
biochemical anomalies today cause an increasing number of perinatal 
deaths. Likewise, the existence in the mother of disease, often genet- 
ically determined and heritable, seems to increase the incidence of 
such perinatal deaths. Reduction of perinatal mortality associated 
with genetically determined disease in mother or infant, or both, is 
a hazard to the survival of the human race, through the perpetuation 
and propagation of genes which are lethal when fully expressed or if 
the individual is not protected. The high incidence of handicaps among 
infants who are helped to survive premature birth or anomalies, es- 
pecially of the central nervous system, suggests that it may not be 
desirable for society to expend great effort in ensuring their survival. 
From the standpoint of public health and human welfare, de-emphasis 
on problems of perinatal mortality and an increased emphasis on the 
identification of genetic abnormality and on ethically and religiously 
acceptable methods of prevention of conception and birth of the 
genetically or otherwise potentially handicapped child are indicated. 

The time has come for pediatricians and other members of the 
medical profession to take the responsibility of making the distinction 
between life which has positive meaning for the individual and for 
society, and life which is a burden on the individual and on society. 
If we are to do this, more time and effort must be spent on genetically 
determined disease and its prevention and less on the unreasoning 
reduction of mortality statistics. This approach, as opposed to the blind 
preservation of life per se, would constitute a truer morality for all 
physicians and for pediatricians in particular. 








HAZARDS TO THE NEWBORN INFANT 
FROM DRUGS ADMINISTERED 
TO THE MOTHER 


JEROLD F. LUCEY, M.D. 


En this brief review of the influence of maternal medications on the 
human fetus no attempt has been made to include any animal studies 
because there is, in general, a poor correlation between these and the 
results observed in human infants. This lack of a reliable experimental 
preparation had caused the human fetus to be placed in a highly 
vulnerable. position with respect to iatrogenic disease. The increasing 
number of new drugs which are being administered to pregnant women 
has resulted in a number of recent impromptu human experiments. 
If similar difficulties are to be avoided in the future, the clinician must 
be constantly on his guard, since he is the infant’s first line of defense! 
It may also prove helpful in the interpretation of unusual neonatal 
symptoms or laboratory findings if one always considers maternal medi- 
cations and their possible effects in the differential diagnosis. This 
review is concerned mainly with drugs which have been found to have 
some influence, usually adverse, upon the fetus or newborn infant. The 
more general topics of placental transport, permeability, and the effects 
of anesthetic agents upon the fetus have been the subject of several 
recent good reviews*: 1? *% and are not included. 


ORAL PROGESTINS 


Wilkins® has recently reported a series of 70 cases of fetal masculiniza- 
tion of female infants associated with the oral administration of 
progestins to their mothers. Thirty-four of these cases were associated 
with 17-a-ethinyltestosterone (Progesterol, Pranone, Lutocylol). This 
compound has been used clinically for about 15 years. All these cases 
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were observed between 1950 and 1959. Thirty-six cases were observed 
in 1958-1959 associated with the use of 17-a-ethinyl-19-nortestosterone 
(Norlutin). Wilkins points out that high degrees of masculinization 
occur with much smaller doses of Norlutin than with 17-a-ethinyl- 
testosterone. There is also apparently a higher incidence of masculin- 
ized infants born to mothers who have received Norlutin than to those 
given 17-a-ethinyltestosterone. Jacobson reported to Wilkins that of 
53 female infants born to mothers to whom he had given Norlutin 
in doses between 10 and 40 mg. per day, 17 showed masculinization. 
Bongiovanni* has cited 650 pregnancies in which 17-ethinyltestosterone 
or its 19-nor derivative had been given and only 2 female infants 
were masculinized. Strictly comparable series are not available, and 
the true incidence of fetal masculinization following oral synthetic 
progestins is not known. Wilkins,*> however, believes that Norlutin 
has caused fetal masculinization with sufhicient frequency to preclude its 
use or advertisement as a safe hormone to be taken during pregnancy. 
The older compound 17-a-ethinyltestosterone has caused masculiniza- 
tion comparatively infrequently, but should still be considered po- 
tentially hazardous. 


ANDROGENIC HORMONES 


Grumbach" has summarized 14 cases of fetal female masculinization 
due to testosterone or its analogues (methyltestosterone, 19 nor-methyl- 
testosterone) administered during pregnancy. This may result from 
doses so small that they do not cause androgenic manifestations in the 
mothers or in normal adults. It has been postulated that this may be 
due to increased sensitivity of the fetal end-organs or to impairment 
of the degradation and disposal of these steroids by the fetus. There 
is no evidence that progesterone, the natural hormone of pregnancy, 
has directly caused masculinization of the female fetus. 


ESTROGENS 


Bongiovanni and co-workers® have described virilization of four female 
infants born to mothers treated with large doses of stilbestrol. The 
authors suggest that stilbestrol may stimulate the fetal adrenal to 
increase its androgenic output. These mothers might also be abnormal 
“metabolizers” of estrogen. 


ADRENAL CORTICOIDS 


Bongiovanni* has reviewed the literature on the use of adrenal corti- 
coids and their analogues in pharmacologic doses during pregnancy. He 
found reports of 260 pregnancies, and in this entire group there were 
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2 instances of cleft palate. It appears that, in spite of the awesome 
results reported in other species, the human fetus is rarely injured by 
maternal treatment with corticoids. 


ANTITHYROID MEDICATIONS 


A number of agents can, if administered to the pregnant woman, cause 
disturbances of fetal thyroid function. The fetal thyroid has been shown 
to begin functioning about the fourteenth week of gestation and after 
this time becomes subject to the effects of such substances as radio- 
active iodine, potassium iodide, propylthiouracil and methimazole.’: * 17 
These are all capable of crossing the placenta and causing neonatal 
goiters. Such goiters have usually been transient, but some have lasted 
several months. No estimates of how frequently fetal goiter is a compli- 
cation of maternal antithyroid medication are available, but in general, 
the amount and duration of maternal dosage seem to have a direct 
influence. 

A recent interesting development in this field has been the finding 
of exceedingly high serum protein-bound iodine concentrations (4000 
mEq. per 100 ml.) in newborn infants whose mothers have received 
iophenoxic acid (Teridax) for cholecystography from 2 to 4 years prior 
to delivery.1® The use of this substance should probably be abandoned, 
since it will invalidate for many years (some estimates place this as 
long as 30 years!) one of the most accurate methods for assaying 
thyroid function. 


CANCER CHEMOTHERAPEUTIC AGENTS 


The subject of cancer chemotherapy during pregnancy has been 
thoroughly reviewed by Sokal and Lessmann.”° Little information is 
actually available. Clear-cut evidence of fetal damage (abortions and 
malformations) has been demonstrated for the antifolic compounds 
aminopterin and a-methopterin'® ** when they are administered during 
the first trimester of pregnancy. The number of experiences with other 
chemotheraputic agents such as 6-mercaptopurine, busulfan, nitrogen 
mustards, urethane and chlorambucil are too few to permit definitive 
conclusions. Sokal and Lessmann did not encounter any reports of mal- 
formations among human fetuses exposed to these agents after the 
first trimester of intrauterine life. It appears that they may not be 
as dangerous to the fetus as would have been anticipated from theo- 
retical considerations or animal experiments. They point out that the 
follow-up of infants born to treated mothers is short, less than 10 
years, and that defects in some tissues (testis, ovary) may not become 
manifest until much later. 
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Until further data are available, however, any cytotoxic agent ad- 
ministered during pregnancy, especially during the first trimester, must 
be regarded as a potential hazard to the fetus. 


ANTICOAGULANTS 


Anticoagulants are used relatively infrequently during pregnancy. 
Heparin does not cross the placenta and, therefore, is safer than other 
known anticoagulants. Although opinions vary as to how dangerous 
Dicumarol and its derivatives are to the fetus, there is little doubt that 
they are capable of causing intrauterine and neonatal deaths.§: 1° The 
fetus may indeed have a peculiar susceptibility to these agents, for 
evidence has been presented indicating that fetal deaths may occur 
even when maternal prothrombin times are apparently controlled. Be- 
cause of this unpredictability, it would appear best to avoid Dicumarol 
or its substitute, ethyl bicoumacetate (Coumadin) in pregnancy, except 
when maternal life would be endangered by their denial. 


SALICYLATES 


The newborn infant is known to have a greatly impaired ability to 
detoxify and excrete salicylates. The literature does not contain any 
reports of fetal damage attributable to salicylates, but suspicious hemor- 
thagic manifestations have occurred in some newborn infants whose 
mothers were receiving large amounts of salicylate. This is something 
which should be at least considered when one encounters a bleeding 
tendency in a newborn infant. 


MATERNAL INTRAVENOUS FLUIDS 


Battaglia et al.? have found that whenever a rapid change is brought 
about in the total osmotic pressure of maternal plasma, a similar but 
lesser change is found in the fetal plasma. These authors administered 
a 5 per cent glucose solution to the mother prior to delivery and could 
demonstrate hyponatremia in the newborn infant. They did not 
clinically note any adverse effects upon the infant. At present the intra- 
venous administration of fluids to pregnant women is fairly common 
practice. Maternal salt restriction and the use of all diuretic agents 
are also common. 

Until a more complete picture emerges as to the effects of these 
procedures upon the fetus it seems best to recommend that they be 
watched with cautious curiosity. Certainly such events should be kept 
in mind when interpreting any serum chemistry findings on the first 


day of life. 











—— 


ee ns nd 


wcw¢oiTrt< ©& 


se 
be 
pt 
rst 











JEROLD F. LUCEY 417 


AMMONIUM CHLORIDE 


Goodlin and Kaiser® have studied the effects of ammonium chloride 
administered to women at term on pH, gas content and electrolytes 
of their blood and that of their infants. They found that the newborn 
infant’s blood pH is reduced well below the range of normal when the 
mother has been receiving ammonium chloride. Clinically these infants 
did not appear in any distress. The fact that the newborn can withstand 
these biochemical changes, however, should not be a source of false 
security, and this compound should be used cautiously during pregnancy. 


VITAMIN K ANALOGUES 


An association has been noted between the parenteral administration 
of large amounts (72 mg.) of a vitamin K analogue, Hykinone, to 
mothers in labor and the subsequent development of early hyper- 
bilirubinemia in the infants.‘ This may be caused either by excessive 
hemolysis or by a hepatotoxic effect of this substance. What, if any, 
effect the prolonged oral administration of excessive amounts of a 
vitamin K analogue may have upon the fetus is not known. The as- 
sumption has been made that this is a harmless prenatal vitamin. It 
is being widely and needlessly used. This certainly does not seem wise. 
(See also page 455.) 


HYPOTENSIVE AGENTS 


Budnick et al.* reported that reserpine when administered to mothers 
in labor will on occasion (16 per cent of the infants of 77 mothers) 
cause the infants to manifest nasal discharge, costal retractions, lethargy 
and anorexia during the first 2 days of life. Similar observations for 
other hypotensive or tranquilizing agents have not been reported. 

The only other hypotensive agent which has to date been reported 
to cause neonatal morbidity is hexamethonium bromide, a ganglionic 
blocking agent. This has been reported as a cause of paralytic ileus 
in a premature infant." 


HEMOLYTIC AGENTS 


It is now well recognized that the red blood cells of newborn infants 
may have deficient amounts of glutathione and glucose 6-phosphate 
dehydrogenase. These deficiencies predispose to the development of 
hemolysis following exposure to such agents as sulfanilamide, naphtha- 
lene, primaquin and nitrofurantoin. The same reaction can occur in the 
fetus. Zinkham and Childs®* reported hemolytic anemia and subsequent 
hyperbilirubinemia in an infant whose mother had ingested mothballs 
during pregnancy. Certainly it can be anticipated that these other agents 
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will be found also to cause neonatal hemolysis if they are ingested by 
the mother near term. 


ANTIBACTERIAL AGENTS 


Ample evidence’ can be cited that the following antibacterial agents 
cross the placenta: sulfonamides, penicillin, streptomycin, chloramphen- 
icol, oxytetracycline, tetracycline and erythromycin. None of these have 
been shown to be harmful to the fetus. It is tempting to assume that 
the prenatal administration of these substances may be of some ad- 
vantage in the prevention or treatment of neonatal sepsis. There are 
no studies, however, which give any encouragement to this thought. 

At present the only antibacterial agents which have been shown to 
have special toxicity for the newborn infant are sulfonamides’® and 
chloramphenicol.”* Studies’. 24 have shown that the new long-acting 
sulfonamides, sulfamethoxypyridazine (Kynex) and sulfadimethoxine 
(Madribon), will cross the placenta and result in blood levels which 
persist in the newborn infant for several days after birth. This is a 
potentially dangerous situation because it increases the susceptibility 
of these infants to kernicterus. The use of these drugs is, therefore, 
contraindicated during labor or in the neonatal period. 

The toxic effect of large amounts of chloramphenicol for newborn 
infants is now well recognized. It should also be kept in mind that 
the fetus can receive this medication via placental transfer. 


UNKNOWN HARMFUL AGENTS 


Clinicians are not sufficiently aware of the great gaps which exist in 
our knowledge of the pharmacology of drugs administered either di- 
rectly to the newborn infant, or indirectly through administration to 
his mother. All too often we have assumed that if a drug is nontoxic 
for the mother it will also not harm the fetus. This has proved to be 
a dangerous assumption. 

Currently many new drugs (diuretics, oral hypoglycemic agents, and 
tranquilizers) are being given during pregnancy, and there is no ade- 
quate evidence on which to judge that these are completely nontoxic 
to the fetus. Unnecessary human experiments can be prevented in the 
future only if the clinician is alert to the vulnerability of the fetus to 
transplacental iatrogenic neonatal disease. 
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The relation of maternal disease to fetal and neonatal disease is a 
fascinating and growing problem in medical practice. The remarkable 
advances of recent decades, particularly in the management of chronic 
disease, have added significantly to the magnitude of the problem. 
Many disease states, once considered to be incompatible with success- 
ful pregnancy, are now approached with therapeutic optimism. 

The elucidation of cause and effect in this area is most difficult since 
many variables are involved in the assessment of each maternal and 
fetal disorder, and many differences of opinion are reflected in the 
medical literature. Since any single maternal disease is infrequent in 
the practice of any individual or any single institution, information is 
garnered slowly. 

Incidence figures tend to vary widely, since the more dramatic prob- 
lems of mother and infani are usually reported early. With the emer- 
gence of prospective, statistically controlled studies, evaluations of the 
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relation of a disease state to pregnancy and of its effect on the fetus 
become more realistic. 

From the standpoint of the infant a maternal disease may be con- 
sidered to be major if the effects on the fetus are consistently reflected 
in increased perinatal mortality and neonatal morbidity rates, or if the 
maternal disorder has a high incidence so that even in the face of 
slightly increased fetal and neonatal morbidity, the over-all effect will 
be significant. 

The effects of maternal disease on the progeny may be brought about 
by a number of mechanisms: (1) transmission of a disease-producing 
agent, (2) induction of premature labor, (3) changes in fetal physio- 
logic status (chemical homeostasis, enzyme systems, immune reactions), 
(4) alterations in the intrauterine environment, by interference with 
gaseous exchange, and with nutrition, (5) effects of pharmacologic 
agents, and methods utilized in the treatment of the primary maternal 
disease. 

Nevertheless the mechanisms underlying fetal disease are not known 
in many instances, and an infant may be affected in various ways at 
different periods during the course of the pregnancy. The fetal outcome 
may be influenced also by the duration, the severity and the complica- 
tions of the maternal disease. 

The adverse effects of maternal illness may be expressed in any 
of the forms of reproductive casualty, i.e. abortion, stillbirth, neonatal 
death, premature birth, growth disturbances and developmental anom- 
alies, as well as by neonatal morbidity and neurologic sequelae. 

In this review it is possible to consider only a few of the major 
maternal disorders in detail. Maternal problems known to affect the 
fetus are listed in Tables 1 through 4. The effects of infectious agents 
during pregnancy on the fetus and infant have been the subject of 
recent reviews.® 17; 44, 61, 105 


TOXEMIA OF PREGNANCY 


Toxemia of pregnancy is a common and baffling disorder encountered 
in 6 to 7 per cent of pregnancies after the twenty-fourth week of gesta- 
tion. This disease is more frequent in primigravidae. It tends to occur 
in pregnancies already complicated by maternal disease, and contributes 
materially to both fetal and maternal death.®® 15° 

The diagnosis of toxemia of pregnancy is made on the basis of hyper- 
tension, edema and albuminuria. In its most severe form, eclampsia, 
coma or convulsions are present. It is unfortunate that criteria accepted 
for the diagnosis of grades of severity of toxemia vary from institution 
to institution.7? The inclusion or exclusion of patients with chronic 
hypertensive disease and pyelonephritis may introduce significant dif- 
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TABLE 1. Infectious Diseases during Pregnancy 


EFFECTS ON FETUS 
AND NEONATE 


ASSOCIATED 
FACTORS 


INCIDENCE OF 
PETAL INVOLVE- 
MENT 
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REFERENCES 























Rubella Abortion 
Congenital malfor- Highest incidence Malformations 10% 17, 52, 53, 102, 131 
mations of eye, during Ist 5 wks. during 1st trimester 
ear, brain, heart of gestation 
Decline after 10 wks. Higher rate during 
epidemics 
Rubeola Interruption of preg- Great majority of in- 38 
nancy fants normal 
Neonatal or congeni- 
tal measles, with 
or without bron- 
chopneumonia 
Varicella Congenital infec- Low maternal im- 17, 87 
tions, proved munity 
Variola Proved congenital High maternal death 108, 105, 120 
infections, rate 
reported Serious disease, es- 
pecially in prema- 
ture 
Mumps Abortion, premature 151 
birth or stillbirth 
not unusual 
Herpes simplex Viremia, severe gen- Oral or genital infec- Rare 154 
eralized disease tion in mother 
Small term infants Fetal and neonatal 20, 148 


Poliomyelitis 


Abortion, rare con- 
genital or acquired 
poliomyelitis 

Growth retardation 
in chronic severe 
maternal paralytic 
poliomyelitis 


when disease con- 
tracted early in 


loss, 33% 





Coxsackie 


Transplacental myo- 
carditis and en- 
cephalomyelitis 

Acquired infections 


pregnancy 
Maternal infection 
mild 


Not known 


9, 14, 68, 77, 94, 141 





Hepatitis 


Premature labor 

Abortion 

Rare reports 
anomaly 


of 


Maternal carrier 
of HSJ may trans- 
mit infection 


Information scant at 
present 


9, 29, 48, 129 





Influenza 


Increased incidence 
of abortion, pre- 
mature labor and 
stillbirth 

Relation to anoma- 
lies controversial 


High maternal and 
fetal mortality in 
1918 epidemic 


2, 3, 25, 59, 142 











Scarlet fever Interruption of Very rare 84, 128 
pregnancy involvement 
Cholera Abortion and prema- 44, 128 
ture labor 
Transmission known 
Typhoid Abortion, premature 44, 128 


Transmission proved 
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TABLE 1. Infectious Diseases during Pregnancy (Continued) 



































EFFECTS ON FETUS ASSOCIATED INCIDENCE OF REFERENCES 
AND NEONATE FACTORS FETAL INVOLVE- 
MENT 
Anthrax Transmission proved 128 
Lympho- Rarely infection is 5, 119 
granuloma acquired during 
venereum delivery process 
Tuberculosis Smallinfants born to Severe maternal dis- Great majority of in- 56, 76, 109 
mothers with ac- ease and malnutri- fants unaffected 
tive disease tion 
Rarecongenital TBC Miliary or pelvic 
Acquired infection TBC 
readily contracted 
Syphilis Early congenital Transmisstion rare 38-50% of infants 97, 106 
syphilis (septi- before 5th month affected in un- 
cemia, anemia, pe- Large fibrotic pla- treated mothers 
riostitis, skin le- centa 40% of above show 
sions) Transmission of ma- clinical signs at 
Late congenital ternal antibodies birth 
syphilis 
Malaria Direct transmission Placental involve- 26 
of P. falciparum ment 10 times more 
occurs rarely frequent than fe- 
Diminished growth tal involvement 
with placental in- 
volvement 
TABLE 2. Maternal Nutrition 
EFFECTS ON FETUS ASSOCIATED INCIDENCE OF REFERENCES 
AND NEONATE FACTORS FETAL INVOLVE- 
MENT 
Acute Diminished fertility 125, 130 
starvation Small babies 
Chronic under- Increase in prema- In poorly nourished 136, 188 
nutrition ture onset of labor mothers, 37 deaths 
and of toxemia and 91 prem./1000 
Increase in perinatal live births 
mortality Well nourished 
mothers — 19 
deaths and 32 
prem./1000 live 
births 
Obesity Infants longer and Decreased prematur- 5-9% of infants over 99, 137 
heavier ity rate 4500 gm. 
Birth injuries more Increased cesarean 
frequent section rate : 
Increase in chronic j 
hypertensive dis- 
ease 
; 
TABLE 3. Endocrine Disorders 
EFFECTS ON FETUS ASSOCIATED INCIDENCE OF REFERENCES | 
AND NEONATE FACTORS FETAL INVOLVE- : 


MENT 





Diabetes 





Large size 

Cardiopulmonary, 
neurologic and bio- 
chemical difficul- 
ties 

Increase in congeni- 

tal malformations 


Mortality and mor- 
bidity related to 
severity 


20-30% 
mortality 

20-40% morbidity 

2-6% congenital 
anomalies 


perinatal 41, 47, 71, 85, 95 
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TABLE 3. Endocrine Disorders (Continued ) 


EFFECTS ON FETUS 
AND NEONATE 


ASSOCIATED 
FACTORS 


INCIDENCE OF 
FETAL INVOLVE- 
MENT 

















Addison’s None Adequate substitu- 34, 78, 89, 124 
disease tion therapy and 
meticulous prena- 
tal care 
Hyperpara- Transient hypocal- Tetany in _ infant 49, 143 
thyroidism cemic tetany in should lead to in- 
infant vestigation of ma- 
ternal parathyroid 
status 
Hyper- If untreated, peri- High abortion and 24% total fetal loss 12, 81, 90 
thyroidism natal death rate stillbirth rate 
is high 
Treated with thio- 20% morbidity in 
uracil compounds: survivor? 
congenital goiter, 
transient hyper- 
thyroidism or 
myxedema 
Antithyroid prepa- 4.7% fetal loss 13 
ration followed by 
subtotal thyroid- 
ectomy, hypothy- 
roidism 
Cretinism and High abortion, pre- Substitutiontherapy Rare (total of 24 62, 121 
juvenile mature and still- in mother cases in literature) 
myxedema birth rate Extremely low fer- 
Late myxedema and tility rate 
mental retardation 
reported in mi- 
nority of surviving 
infants 
TABLE 4. Diseases of the Blood 
EFFECTS ON FETUS ASSOCIATED INCIDENCE OF REFERENCES 
AND NEONATE FACTORS FETAL INVOLVE- 


MENT 





Hypochromic Premature onset of 


Malnutrition and 


Common 22, 39, 113, 122, 137 








anemia labor chronic infection 
in mother 
Sickle cell Prematurity Maternal effects most Over-all 30-40% fe- 1, 4, 8, 10, 33 
disease Growth retardation severe in S-C type tal or neonatal loss 
High perinatal mor- 
tality 
Idiopathic Passive transfer of Activity of the ma- Rare 91, 111, 132 


ternal disease 
Varies with platelet 
count in mother: 
If low, 75% infants 
involved 
If high, 50% infants 
involved 


Perinatal loss 19% 





thrombo- platelet agglutin- 
cytopenic ins to baby 
purpura 
Leukemia Teratogenic effects 
of cytotoxic agents 
used in Ist tri- 
mester 


Maternal anemia 
Prognosis improved 
with recent ther- 


apy 


Perinatal loss 32, 56, 96, 127, 150 


30-60% 
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ferences into a statistical analysis and make comparisons difficult.‘ *° 

It is generally accepted that an increased perinatal mortality rate 
occurs in infants of toxemic women and that the rate of premature 
onset of labor is high. These rates tend to increase in the more severe 
grades of toxemia. The perinatal mortality rate in mild or moderately 
severe preeclampsia is only slightly higher than the rate in nontoxemic 
pregnancies. The perinatal death rate increases in severe preeclampsia 
(7 to 15 per cent) and rises steeply in eclampsia (30 per cent) .5* ® 

The adverse effects of toxemia on the infant are considered to be 
indirect, since no specific agent or lesion has been identified with the 
disease. Autopsy findings support the impression that such affected 
infants fall into the category of the “perinatal distress syndrome’’™* as 
a result of asphyxia and shock.?*- 47° The adverse effects are (1) 
increase in the number of premature labors, (2) interference with fetal 
oxygenation as a result of placental insufficiency, abruptio placentae, 
and convulsive episodes in the mother, (3) intrauterine growth retarda- 
tion, (4) direct and indirect effects of drugs administered to the mother 
on the fetus. 

Not all authors agree that small babies are born to mothers with 
uncomplicated toxemia. Baird* found that interference with fetal 
growth in toxemia was largely confined to the group of severe pre- 
eclamptics with decided albuminuria. Fitzgerald,** referring to the 
“small starvelings of toxemia,” reported that retarded growth was more 
frequent in association with stillbirth and less frequent in cases of 
neonatal death following accidental hemorrhage. He suggested that 
placental vascular spasm might be the primary factor in fetal growth 
retardation. Beaudry and Sutherland," in a recent survey of toxemic 
pregnancies, found that birth weights of toxemic infants were compat- 
able to nontoxemic controls in the same hospital. In this series, however, 
the criteria for the diagnosis of toxemia did not eliminate patients who 
became hypertensive only during labor. The association of growth re- 
tardation in the fetus with chronic hypertensive disease (with or with- 
out superimposed toxemia) and with chronic nephritis in the mother 
is well documented.*® 54, 83. 116 

Hypoglycemia,®*° hypocalcemia,8* edema”! and hypertension’® (on 
the second day of life) have been reported in infants of toxemic 
mothers. It is of interest that these complications have been reported 
to occur also in infants of diabetic mothers. 

Therapeutic agents administered to the toxemic mother may affect 
the infant. Specific difficulties related to hexamethonium,** rauwolfia** 
and ammonium chloride’ have been described. Pritchard’ reported 
that the highest concentration of magnesium sulfate, after maternal 
administration, was found to be present in the fetal urine as compared 
to maternal plasma, fetal plasma and maternal urine. 
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In the light of present knowledge the degree to which drug effects 
(sedatives, anesthetics and antihypertensive agents) contribute to the 
morbidity rates of infants of toxemic mothers cannot be evaluated, 
since the effects of depressant drugs and antihypertensive agents simu- 
late and may potentiate the effects of the depression and shock associ- 
ated with asphyxia,® and since placental permeability may be altered 
in toxemia.” Perinatal mortality in toxemia of pregnancy varies little 
from series to series regardless of the method of treatment given for 
the disease. Neonatal morbidity has received relatively little attention, 
and well controlled studies are needed to evaluate the extent and nature 
of neonatal difficulties under alternate therapeutic regimens. 


PYELONEPHRITIS 


Acute pyelonephritis occurs in 1 to 3 per cent of all pregnancies and 
is a major obstetrical problem. This disease frequently appears for the 
first time or recurs during pregnancy because of mechanical and hor- 
monal factors related to pregnancy.'** Management is difficult, and 
relapses are frequent. The causative organisms are usually Escherichia 
coli and others of the gram-negative group. 

There is considerable interest in this problem at present. Kass 
has reported the association of a significant bacteriuria early in preg- 
nancy with the subsequent development of pyelonephritis in untreated 
patients. When appropriate antibiotics were administered early in 
pregnancy, no later pyelonephritis occurred. 

Taylor and Walker'** report an excessive uterine motility in patients 
with severe pyelonephritis and suggest that this may be a factor in 
initiating the premature onset of labor. Zilliacus®* has reported 
an increased incidence of infections (generalized and local) in infants 
born to mothers with infections of the urinary tract. It has been re- 
cently suggested that pyelonephritis may be fundamental in initiating 
some cases of pregnancy toxemia,*: ®? and that pyelonephritis may 
masquerade as toxemia of pregnancy.*? All these factors, as well as 
factors related to management of this infection, will require further 
elucidation before the true importance of this disease as a cause of 
perinatal death and neonatal morbidity can be evaluated. 


HEART DISEASE 


One of the most encouraging medical developments in recent years is 
the improved outlook for the pregnant cardiac patient and her infant, 
resulting from a better understanding of the physiology and medical 
management of heart disease in pregnancy, and from advances in 
cardiac surgery as well.?4, 56. 74, 88. 98 
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The incidence of organic heart disease in an obstetrical population 
varies between 1.2 and 3.7 per cent.®* According to Burwell,?* the great 
majority are rheumatic in origin (85 per cent) with mitral stenosis as 
the predominating lesion."! 1° The remaining 15 per cent is made up 
largely of congenital malformations and chronic hypertensive cardio- 
vascular disease. The former group is increasing in number as patients 
who have undergone successful cardiac surgery during childhood reach 
childbearing age. 

The prognosis for fetal survival has been correlated with the func- 
tional (American Heart Association Classification)®* status of the 
maternal disease. As the severity of the maternal disability increases 
from classes 1 and 2 to classes 3 and 4, perinatal mortality rises from 
6 per cent to 15 to 30 per cent. The major factor affecting fetal survival 
is the presence of congestive failure, and other factors such as anemia 
and infection become of great importance in precipitating congestive 
failure. 

The outlook for patients with untreated cyanotic congenital heart 
disease is poor, associated with a high incidence of spontaneous abor- 
tion, premature labor, fetal death in utero and intrauterine growth 
retardation.”* 117 Retardation of fetal growth has also been reported in 
association with atrial septal defect.*° 

A recent hypothesis, put forth by Raiha and others,’*: 1*° suggests 
that women with small heart volumes are more likely to undergo pre- 
mature labor. If confirmed, this finding may have significance in the 
prevention of premature birth. 


THYROID DISEASE 


Hyperthyroidism is a relatively rare complication of pregnancy (2 per 
1000), but an important one because of the increased perinatal death 
rate (8 to 12 per cent) and the evidences of thyroid disturbances 
present in some surviving infants.'* Uncontrolled hyperthyroidism with 
its attendant dangers of thyroid crises, cardiac failure and toxemia is 
a threat to maternal as well as fetal survival.®* 

Clinical problems in the infant of the mother with thyroid dysfunc- 
tion must be considered in relation to the form of clinical management 
used during the pregnancy.'!*: '"® At present, management is based on 
the use of the antithyroid agents (iodine, thiouracil agents) and on 
surgery (subtotal thyroidectomy) .'* Desiccated thyroid is given in some 
instances after operation or during pregnancy to protect the fetus 
against the deleterious effects of a maternal hypothyroid state. It is 
most frequently utilized, however, in the management of mothers with 
nontoxic goiter.*® 

Congenital goiter of the sporadic type has been noted to occur in 
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infants born to mothers receiving iodine-containing medications or 
thiouracil compounds as well as to apparently normal mothers.’ * 
It appears that antithyroid drugs, as well as thyroxin,®> may traverse 
the placental barrier and affect fetal thyroid and pituitary function (see 
also p. 415). In experimental animals, fetal goiter may be induced by 
maternal overdosage with antithyroid drugs. Baker,” summarizing the 
literature, suggests that the presence of goiter in the infant may be re- 
lated to the duration and magnitude of dosage of antithyroid medica- 
tion after the onset of fetal thyroid function. Man states that goiter of 
the infant may be a response to hypofunction of the maternal thyroid. 

Congenital goiter may be benign or associated with considerable 
respiratory distress. Tracheotomy and thyroidectomy have been per- 
formed as lifesaving measures immediately after birth. 

Evidences of hypofunction and hyperfunction of the neonatal thyroid 
have been reported with or without the presence of fetal goiter in the 
infant at birth. Congenital hyperthyroidism, according to Sclare,1® 
tends to be associated with either persistent maternal exophthalmos or 
the administration of antithyroid agents close to the time of delivery. 

It is evident that much remains to be learned about the complex 
interrelations of maternal and fetal pituitary and thyroid function. 

Hypothyroidism (other than surgically induced) is unusual during 
pregnancy. Fertility is low in myxedematous women, and the conceptus 
is frequently lost in utero. Infants born of patients with cretinism or 
juvenile myxedema should be followed up carefully after delivery for 
the detection of evidences of hypofunction of the thyroid gland.!* 
A review of the literature by Siegler!** indicates that mental retardation 
has been noted frequently in the follow-up of infants born to cretinous 
mothers. 


NEOPLASTIC DISEASE 


The association of pregnancy and malignant disease is fortunately un- 
common, but the problems presented in this situation are exceedingly 
complex, involving the effects of pregnancy on neoplastic disease, the 
elmination or control of the growing malignancy, and the preservation 
of maternal and fetal life.5® 

The survival rate of infants of mothers with acute leukemia has 
increased in the last decade largely because of the prolongation of 
maternal life following the introduction of antimetabolite and hormonal 
agents.!° The fetal loss is still high, however (40 per cent). Abortions 
and premature labor are frequent. Although acute leukemia has been 
reported to occur in an infant born to a mother with leukemia,*? the 
placenta usually acts as a complete barrier to its spread. 

The use of aminopterin and mercaptopurine in therapy during the 
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first trimester has been sharply limited since congenital anomalies have 
occurred in infants of these mothers. Corticosteroid therapy has not 
been similarly implicated.5 __ 

The fetal outlook in pregnancy complicated by Hodgkin’s disease 
is brighter. In a recent report Smith?** found that 20 infants born of 
such pregnancies were sound and healthy and showed no evidence of 
neoplastic disease on follow-up examination. In the world literature 
(104 cases) there was evidence for transplacental transmission in one 
infant at birth, and 2 infants had Hodgkin’s disease in later life. Smith 
stresses the importance of avoidance of maternal irradiation, partic- 
ularly in the first trimester. 

In malignant melanoma the transplacental transmission of malignant 
cells has been noted only as an extremely rare occurrence. 


MATERNAL DIABETES 


In a recent review the fetal outcome in 900 diabetic pregnancies followed 
at the Joslin Clinic and Boston Lying-In Hospital has been summarized 
by Gellis and Hsia.‘? These authors confirm the often reported high 
perinatal mortality of diabetic pregnancy after the twenty-eighth week 
of gestation. The total fetal loss (intrauterine deaths and stillbirths) in 
this series was 19.5 per cent. 

The fetal mortality grows progressively higher as the degree of the 
diabetes, classified by White,!*° becomes more severe. White’s classifica- 
tion places emphasis on the duration and long-term effects of the 
diabetes, e.g. calcification of pelvic vessels, and the presence of nephritis 
in the mother. In addition to the severity of the maternal diabetes, the 
degree of control of the maternal diabetes and the prevention of acidosis 
are of major importance. The timing of delivery is also an important 
factor in perinatal mortality. The optimal time for delivery appears 
to fall between the thirty-fifth and thirty-sixth weeks of pregnancy.*? 
Under 32 weeks the factor of prematurity may add to neonatal mor- 
tality, and after a 37 weeks’ gestation the infant frequently dies in 
utero.*7 

An increased rate of congenital malformation in the infant of the 
diabetic mother has been reported by many authors, and has been 
vigorously disputed by others.1°! 114 In the review of Gellis and Hsia‘? 
the rate of lethal congenital anomalies was reported to be 2.9 per cent 
in diabetic progeny, a figure which represents a twofold to threefold 
increase over the expectancy among nondiabetic births. The increase in 
anomalies, however, plays a small part in the total morbidity of these 
infants. 

The morbidity of diabetic progeny is high.*! 28 Characteristically, 
infants tend to be large, appear puffy, and to show macrosomia and 
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evidences of increased erythropoiesis. In contrast, infants of mothers 
whose diabetes is complicated by nephritis or early hypertensive disease 
are inclined to be unusually small for the period of gestation.1* Bio- 
chemical studies of the blood at birth have revealed that a severe un- 
compensated respiratory acidosis may be present.7! ®5 

The neonatal period of an infant of a diabetic mother is apt to be 
a stormy one, complicated by profound cardiopulmonary, neurologic 
and metabolic disturbances.‘ 9. 119, 128 

With delivery or shortly thereafter, a syndrome of labored grunting 
respiration, diminution of activity, reflex response and tone may be 
observed in one to two fifths of the babies. This clinical complex 
has been termed “idiopathic respiratory distress syndrome,’*? “clinical 
hyaline membrane disease” and “transitional distress.”** As the syn- 
drome progresses, respiration becomes more rapid, color improves, and 
tone, reflexes and spontaneous activity return. Subsequently, the infant 
may manifest neural excitation, with tremors, and hyperactivity, fol- 
lowed by sudden attacks of apnea, with or without cyanosis. Vomit- 
ing and convulsive seizures are not uncommon. 12° Hyperbilirubi- 
nemia®®: 115, 184 may occur. 

The infant may expire during the period of labored respiration or 
during the period of excitation. In the latter group death is usually 
associated with apnea or convulsive seizures.®: 12° 

In the series of Gellis and Hsia,*? autopsy studies revealed the pres- 
ence of hyaline membrane disease, with or without atelectasis, in 73 
per cent of the 104 infants of diabetic mothers dying in the neonatal 
period. 

This clinical sequence is similar to that seen in infants recovering 
after birth asphyxia or depression, and one described frequently in 
association with premature birth'*® and in newborn infants delivered 
by cesarean section.5? The presence of clinical difficulties in the 
infant of the diabetic has been correlated with the severity of the ma- 
ternal disease (White’s classification) ®*° and with the degree of acidosis 
present at birth.8* Neural excitation may be associated with a low 
ionized serum calcium level.1: 52 The effects of changes in the calcium- 
potassium ratio consequent to a recovering pH after the period of rapid 
respiration,®* ® and the lowered seizure threshold of the neuron recov- 
ering from asphyxial depression,** have also been mentioned. 

The role of hypoglycemia in the clinical problems of the infants of 
diabetic mothers is unclear and requires re-evaluation.” 


NONOBSTETRIC SURGICAL COMPLICATIONS OF PREGNANCY 


Pregnant women are subject to the same surgical disorders which occur 
in nonpregnant women. In addition, pregnancy itself acts as a predis- 
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posing factor in certain surgical conditions, i.e. torsion of ovarian cysts, 
degeneration of uterine myomas, vascular disturbances (hemorrhoids 
and varicosities) and gallbladder dysfunction.5® 1. 144 

Surgery performed during pregnancy entails an increased risk of 
interruption of the pregnancy, particularly during the first and third 
trimesters. The risk of abortion or premature onset of labor is slight 
unless the genital tract or peritoneal cavity is directly involved in the 
procedure, or unless peritonitis occurs as a surgical complication.?®®: 144 
Progesterone therapy is frequently given postoperatively as a prophylac- 
tic measure against increased uterine irritability. 

The most common surgical emergency in the obstetrical patient is 
appendicitis (10 per 1000 pregnancies). Hoffman and Suzuki® have 
reported a fetal loss of 3.5 per cent when the pathologic process was 
confined to the appendix and 29.4 per cent when the disease state had 
progressed to involve the peritoneal cavity. 


NARCOTIC ADDICTION 


The increased rate of drug addiction (particularly heroin) in young 
adults in the United States is of direct concern to obstetricians and 
pediatricians, since drug effects and withdrawal effects may impair the 
health of both mother and infant. 

The clinical manifestations of narcotic withdrawal in infants born 
of drug-addicted mothers are characteristic and may be readily recog- 
nized.8: 8°. 82 The rewards of recognition of this entity are great, since 
the mortality in untreated patients is high and the response to therapy 
is favorable.?®: 5°. 82 

These infants tend to be small. The severity of the symptoms in the 
baby is related to the amount of narcotic customarily taken by the 
mother. Cobrinik”® states that neonatal withdrawal symptoms are sig- 
nificant with a daily maternal dosage of 120 to 240 mg. of morphine 
or 6 to 12 mg. of heroin. Turbulent fetal movements have been de- 
scribed during periods of maternal drug withdrawal. These movements 
became normal after the mother had again been given the drug. 

The symptoms described are those of extreme neural excitation 
beginning within 24 hours of birth in 80 per cent of the patients. The 
onset of clinical findings depends upon several factors, i.e. the type of 
drug used, the timing of the last dose before delivery, and the types 
of anesthesia and analgesia used during labor. The infant becomes in- 
creasingly restless, irritable and tremulous. The cry is shrill and un- 
remitting. Motor activity is constant and associated with frantic sucking 
of the fingers and scratching of the face. Fever, vomiting, diarrhea and 
dehydration are frequent. Feedings may be taken poorly and regurg- 
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itated, although the infant appears to be extremely hungry. Periods of 
apnea and convulsive seizures may occur. In untreated cases the mor- 
tality rate may approach 70 per cent. 

With treatment (paregoric, barbiturates or other sedatives) dramatic 
lessening of all signs and symptoms occurs in the majority of instances. 
As the infant improves, the dosage may be gradually reduced. The 
duration of treatment varies, and not infrequently must be extended 
for four to six weeks.?8 


THERAPY OF MATERNAL DISEASE 


Therapeutic agents and procedures utilized for the control of a maternal 
disease may influence fetal outcome to a considerable degree.” ** When 
the course of a maternal disease is altered significantly by a new thera- 
peutic regimen, fetal mortality and neonatal morbidity must be com- 
pletely re-evaluated. It has not been unusual to find that problems 
involving neonatal morbidity first become prominent after a major 
advance in the treatment of a particular maternal disease. This may 
be illustrated by the successful utilization of insulin in diabetes mel- 
litus,47 the antithyroid agents in thyrotoxicosis,? the rauwolfia com- 
pounds in toxemia of pregnancy,?* °7 the cytotoxic agents!*? in neo- 
plastic disease, and the progestins and androgens in the prevention of 
threatened abortion.®. . 10% 146 (See also page 413.) 

So far as fetal effects are concerned, it is practical to regard a treated 
maternal disease as a new entity, differing greatly from the same ma- 
ternal disease before institution of therapy. With the continuing de- 
velopment of new, potent and effective therapeutic agents, this concept 
may have increasingly important implications in obstetrical-pediatric 
practice. 


SUMMARY 


1. As a result of recent advances in the therapy and control of many 
diseases, the relation of maternal to fetal and neonatal disease is a 
growing problem for obstetricians and pediatricians. 

2. In general, acute disorders in the mother (infections and surgical 
complications) tend to be associated with interruption of pregnancy. 
Infectious agents may be transmitted to the fetus. 

3. Chronic disease which interferes with physiologic processes, such as 
maternal nutrition, cardiopulmonary or renal function, is inclined to 
lead to growth retardation in the fetus. Babies small for the period of 
gestation have been reported in association with maternal nephritis, 
chronic hypertension, sickle cell anemia, active pulmonary tuberculosis, 
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lupus erythematosus, disabling paralytic poliomyelitis, leukemia, con- 
genital heart disease and toxemia of pregnancy. 

4. Teratogenic effects are noted with maternal rubella, diabetes mel- 
litus, and with the use of cytotoxic agents in the treatment of leukemia 
in the first trimester. 

5. As therapeutic agents are found to be effective in the control 
of disease, the possible effects of these agents during pregnancy become 
of importance. A new agent must be thoroughly evaluated in terms of 
its influence on fetal and neonatal physiology before the agent may be 
considered to be acceptable or safe for the treatment of expectant 
women. 

6. The assessment of morbidity and mortality (rather than mortality 
alone) and the eventual health of surviving infants constitutes a chal- 
lenging subject for future research. 
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PEDIATRICIAN-PARENT RELATIONS 
IN THE NEONATAL PERIOD 


MORRIS A. WESSEL, M.D. 


Pediatricians devote much time to providing care during the neonatal 
period. Most newborn infants are healthy, and the pediatrician is able 
to utilize his relation with the parents to help them gain confidence 
and security as they gradually assume the responsibility of taking care 
of the baby. A pediatrician’s readiness to be available when needed, 
even though the specific inquiry or cause for concern may appear 
minimal, is of great importance to the parents. This article discusses 
effective use of this professional role to support the mother and father 
so that they develop confidence and satisfaction in being parents. 


ANTEPARTUM PERIOD 


Pediatricians recognize that young couples expecting their first baby 
often anticipate their new role with concern. They frequently are 
newly settled in a community and miss a closely knit group of friends 
and family. They wonder about their capacity to be competent parents. 

The transition from the independent existence of childlessness to the 
intense and continuous responsibilities of parenthood requires a re- 
orientation of one’s outlook on life. Contemporary high school and 
college education tends to prepare for an occupation rather than for 
parenthood. Many women prior to pregnancy achieve significant success 
as measured by financial reward and social recognition. 

The organization of medical practice has undergone many changes 
which affect couples as they become parents. The developments of 
specialized obstetrics and pediatrics provide highly skilled professional 
services for mothers and infants. At the same time women lose the 
advantage of the continuous care and interest characteristic of the 
family doctor. The obstetrician concentrates on the mother’s needs 
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during pregnancy and delivery, and gradually relinquishes his relation 
as the pediatrician assumes the professional responsibility for helping 
her care for the baby. 

Many pediatricians, becoming increasingly aware of the anxieties of 
expectant couples, find it mutually valuable to meet them prior to 
delivery.2° A pediatric prenatal visit, when discussed with obstetrical 
colleagues, usually meets with considerable interest. Women attending 
prenatal classes often ask when they should contact a pediatrician, and 
after learning of the possibility of an antepartum visit will seek a 
pediatric appointment on their own initiative. The eighth or ninth 
month of pregnancy appears to be the most suitable time for this visit. 

The initial portion of the interview consists in “getting acquainted.” 
Questions such as “How long have you lived in this community? How 
have you been feeling? How did you happen to come to me for pediatric 
care?” serve to “break the ice” and also provide some idea as to the 
socio-economic and cultural background of the couple. The interest 
of the pediatrician in a couple’s immediate life situation, including 
concerns and anxieties related to the delivery, health of the infant, and 
their future role as parents, builds their confidence. As a couple become 
increasingly comfortable with the pediatrician, they talk more freely, 
and he learns about their specific concerns and is able, therefore, to 
plan professional services so as to be most helpful. Couples should be 
told how and when to contact the pediatrician after the birth of the 
baby. Pertinent information may also be obtained about the family 
health history, incidence of allergic, metabolic and neurologic diseases, 
blood types of husband and wife, and other conditions of importance 
in evaluating the baby’s status. 

The discussion of how both husband and wife have been feeling 
during pregnancy leads to such comments as “Never felt better in my 
life” to “Awful, I feel it will never end.” Woman's frequent physio- 
logic and psychologic discomfort during pregnancy is well established, 
but the number of expectant fathers reporting nausea, vomiting, cramps 
and weight fluctuations is surprising. 

After a brief introductory period one asks whether there are any 
particular questions. The inquiries usually concern equipment for the 
baby, care and health of the infant, and details of office practice (such 
as fees, telephone communication, night coverage, and the like). 

Basic needs are outlined, emphasizing that a minimum amount of 
equipment is sufficient. A suggestion to obtain a comfortable rocking 
chair either evokes a smile of approval or brings forth a discussion on 
spoiling. This provides an opportunity to discuss cuddling or rocking, 
and other forms of comforting so necessary to most infants and so 
satisfying to most parents. 

Expectant couples benefit from professional guidance and interest 
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as they plan for their baby’s needs. A bathinette, for example, may 
be of great convenience in a large house with a spacious bathroom or 
kitchen, but in a small apartment a soft plastic tub placed in the 
kitchen sink is often more suitable. The pediatrician increases the 
couple’s confidence as he helps them decide which items will be most 
effective in their specific household arrangement. 

Plans for feeding are an important topic in the prenatal discussion 
with a pediatrician. Expectant women usually have definite ideas as 
to whether they wish to breast or bottle feed. The pediatrician needs to 
understand the mother’s own desires, and help her accordingly. Discus- 
sion of the details of breast feeding before the infant is born serves to 
develop confidence in the prospective mother’s ability to achieve suc- 
cessful nursing. The satisfactions, for example, which occur when an 
infant is put to breast shortly after delivery (provided the mother 
wishes to do so) are well known. Women need encouragement to ask 
nurses for help in the establishment of this initial feeding. 

Many women who desire to breast feed have their confidence shaken 
by pressure from friends, relatives and, all too often, medical and 
nursing personnel. Knowing that the pediatrician will be available to 
offer guidance and support during the initial adjustment is reassuring. 
On the other hand, some women view breast feeding with feelings of 
discomfort. They would probably be unable to achieve satisfying or 
satisfactory nursing even if they were persuaded to do so. A pedia- 
trician can be most helpful to these mothers by supporting artificial 
feeding. Recommendations as to bottles and sterilizing equipment 
should be presented at this time. 

Expectant mothers often have many questions about the care of the 
baby in the hospital. In areas providing rooming-in facilities it is im- 
portant to discuss the details of nursing care. The opportunities provided 
in a rooming-in unit to care for their baby under nursing supervision 
and to maintain a flexible feeding program appeal to many women.* 5 
Many physicians and nurses find it easier and more satisfying to provide 
assistance to a new mother when she and the baby are together.? On 
the other hand, some women rest more easily when the baby is under 
the care of nurses in a newborn nursery. Women should be encouraged 
to choose the type of accommodation which will be most satisfying 
in terms of their specific attitudes and needs. 

One of the most common concerns which arise as physician and 
expectant couple become better acquainted is the question of the health 
of the unborn infant. The husband or wife asks, “When will you first 
see the baby?” which implies, “When will you tell me my baby is in 
good health?” The question is often more direct: “Do you think my 
baby will be all right?” 

A straightforward answer is indicated: “I'll see your baby as soon as 
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possible. I expect that he or she will be healthy. The odds are certainly 
good that everything will be all right. Do you have any particular 
concerns?” 

As a couple tell in their own words of fears and specific experiences 
related to their concerns, they appear to relax as they share their anxiety 
with the physician. This relation which develops between expectant 
parents and pediatrician makes it easier for the physician to offer, and 
for the couple to accept, help with problems which arise later. 

Another area of discussion which is familiar to pediatricians concerns 
household help for the early days at home. A housekeeper, homemaker 
or public health nurse provides ideal assistance for many families. 
Young couples, strongly influenced by familial and cultural pressures, 
often employ, sight unseen, a “baby nurse.” The pediatrician may know 
the person to be efficient, but also possessive, demanding and difficult. 
He may fear that she will increase, rather than help to surmount, the 
difficulties of the early days at home. To suggest that the person is less 
helpful than one might hope causes the couple to become panicky at 
the thought of changing plans and possibly having no one available 
at the crucial time.':? One solution is to suggest that a meeting be 
arranged, if this has not taken place. This visit provides opportunity 
to gain some idea about what to expect. 

There are alternative suggestions. Many parents plan a vacation so 
that the father will be at home for a few weeks. This arrangement 
proves to be, in many instances, a satisfying and effective way of be- 
ginning family responsibilities. For the family which feels the need of 
continued help, a housekeeper who will cook and clean may be more 
advantageous than a specialized person who assumes responsibility only 
for the baby. Also, many mothers prefer to take care of the baby and 
have someone else do the housework rather than to have to “wait on” 
the nurse, who performs the relatively easy and pleasant task of caring 
for the baby. 


Multiparous Women 


Pregnant women having one or more children often seek an opportunity 
to discuss with a pediatrician the care of older children before, during 
and after the lying-in period. They often feel overwhelmed, saying, 
“T just about manage now. How will I ever cope with one more?” The 
sharing of this feeling with the pediatrician, and his encouraging ex- 
pression of confidence in her ability to function effectively with a larger 
family, aid in the reorganization of her own outlook to include the 
additional responsibilities. 

The pediatrician can help formulate plans which strengthen a child’s 
capacity to adjust to the mother’s absence and to her return with the 
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baby. One can point out the advantages of explaining to the child what 
will take place when the mother leaves for the hospital, as well as 
suggesting the benefits of maintaining contact with the child through 
mail and telephone communication. Children should meet the sub- 
stitute mother before the eventful day when the real mother leaves 
for the hospital. 

These suggestions, which appear simple and straightforward, are 
frequently overlooked. They represent practical means of aiding a child 
to utilize his own resources to handle adjustments inherent in the 
arrival of a sibling. 


THE NEONATAL PERIOD IN THE HOSPITAL 


Examination of Infant 


As the pediatrician examines the newborn infant, and checks daily 
during the lying-in period, he helps the mother gain perspective as to 
what constitutes normal appearance and behavior of a baby. Each 
physician has an individual way of handling newborn examinations. 
Some look at the baby in the nursery, telling the mother, “Your baby 
is in good shape.” Others prefer to examine the normal baby at the 
mother’s bedside, where one can discuss the findings and the infant’s 
behavior. Whether it is practical to perform the examination of a baby 
at the mother’s bedside depends on the condition of both mother and 
infant. A mother may be able to actively observe the examination 
shortly after delivery or may be too tired to participate until later. 

The many questions which mothers ask about the baby’s appearance 
usually are stimulated by variations well within normal limits. The most 
common inquiries deal with observations such as peripheral cyanosis, 
hemangiomas of the eyelids, forehead, back of neck, scleral hem- 
orrhages, Mongolian spots, deviation of nose, presence of white spots 
in the mouth (Ebstein’s pearls), engorgement of nipples, peeling of 
skin, appearance of the umbilical cord, physiologic icterus (see p. 539), 
blisters of the lip, vaginal bleeding, enlargement of the genitals and 
positioning of the feet. They also wonder about such behavior as 
fussiness, difficulty in burping, straining with bowel movements, spitting 
up, sneezing, and falling asleep at feeding. Most women lack confidence 
in handling a tiny baby, and each burp, cough or sniffle makes them 
feel inadequate. 

Careful discussion of an infant’s condition is always indicated, since 
much anxiety is alleviated when parents understand the basis for any 
unusual condition. Interpretation, for example, of the meaning of bili- 
rubin levels in an infant with hemolytic disease of the newborn helps 
parents to realize the indications for exchange transfusion. Similarly, 
any condition requiring surgery should be explained in detail. Even if 
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the surgeon discusses the procedure, it is well to ask whether the 
parents understand. The thought of surgical intervention is so often 
frightening that many parents are unable to concentrate the first time 
the explanation is presented to them. 

When an infant presents a serious congenital anomaly, such as de- 
formity of the extremities, cleft palate, harelip or mongolism, it is 
advantageous to examine the baby with the father alone, and then with 
the mother and the father together. The parents begin their adjust- 
ment to the infant’s condition with the supportive presence of the 
pediatrician. With the rapid progress in the field of plastic surgery, 
most congenital conditions can be dealt with constructively. When 
there is no possible cure or treatment, the pediatrician helps the parents 
to realize the many ramifications of the problem. The decision as to 
whether a defective child is to be cared for at home or institutionalized 
cannot be decided in haste. The parents themselves come to a decision 
after careful deliberation with the pediatrician, who advises them of 
the available possibilities, but who should leave the actual decision to 
them. A medical social worker can aid the physician in helping parents 
to arrive at the best possible plan for the care of their child. 

There are infants too sick to be examined at the mother’s bedside. 
Hospital architectural and administrative arrangements should there- 
fore be planned so as to make it possible for the mother to see her 
baby through the window of the special care unit. Gradual improve- 
ment in the baby’s activity is reassuring. If an infant is critically ill, a 
mother, if she desires, should see her infant, even though a fatal out- 
come is feared. To have never seen the infant alive leaves a woman with 
a sense of failure and lack of accomplishment. She may find it difficult 
to believe that she has produced a baby. Seeing the infant allows her 
to adjust to a realistic experience. The reaction to death may be in- 
tense; nevertheless grief represents a healthy reaction to a tragic loss. 

There may be indications, when a baby presents a grotesque ap- 
pearance, to discourage a mother from seeing her infant. No mother 
should be forced to observe her infant unless she so desires. When 
given the choice, however, most women wish to see their baby. 


The Lying-in Period 


Pediatricians should lend their support to every effort which brings 
mother, father and infant together during the lying-in period. Rooming- 
in arrangements facilitate fulfillment of this goal.*-5 The delight of a 
father donning a gown and holding a baby, the willingness of the 
medical and nursing staff to answer questions, and the opportunity for 
both father and mother to learn about their baby under supervision are 
benefits which can be achieved easily in rooming-in units. Many phy- 
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sicians and nurses report increased satisfaction in working under these 
arrangements.” Unlike the nursery nurse, who constantly is placed in 
the position of having to take the baby away from the mother, the 
rooming-in nurse is free to offer assistance to the mother as she cares 
for her own baby. Women need particular help while handling their 
infant. A new mother, elated but tired, may be unable to hold her 
infant comfortably without the supporting presence of a nurse or the 
baby’s father. 


Infant Feeding 


The consistent interest of a physician increases the skill and considera- 
tion with which nurses help mothers establish successful feeding rela- 
tions. The pediatrician can offer leadership in bringing together 
obstetricians, pediatricians and nurses, so that professional policies 
assure that the physiologic and psychologic requirements of infant 
feeding take precedence over hospital routines, which, unfortunately, 
“like arteries, become rigid with age.”!* 

The care which a mother receives while learning to feed her infant 
in the hospital does a great deal towards establishing a successful feed- 
ing experience. The pediatrician may find it difficult to be present at 
a feeding. Much can be gained, however, by inquiring of both the 
mother and the nurse as to how the baby sucks, whether he seems 
satisfied, and whether both mother and baby are comfortable in the 
feeding situation. Every effort should be made to ensure the physical 
and psychologic comfort of mothers during this period when little 
difficulties loom large. Physicians familiar with the excellent discussions 
of breast feeding by Barnes? and others* *: '! make a great contribution 
by helping patients and nursing personnel understand the physiology of 
lactation and nursing. 

A new mother needs the help of a nurse as she first puts her baby 
to breast. She needs to be shown how to place the infant so that the 
gums are pressing on the areola, rather than grasping the tip of the 
nipple. The initial nursing, which can occur with great pleasure to 
mother and infant shortly after delivery, should consist of a few minutes 
on each side. Mothers often find so great a satisfaction in the nursing 
experience that they forget to limit the time. Too long at the breast 
and improper grasping by the baby lead to tenderness and cracking 
of the nipples a day or two later. 

Many difficulties in the early days of nursing seem overwhelming to 
mothers. The milk may not come in until the fourth or fifth day or, 
on rare occasions, even later. The filling of the breasts when the milk 
appears assures the mother that she has food for her infant. At the 
same time the fullness of the breasts is often painful, and the distention 
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may make it difficult for the baby to grasp the nipple. The pediatrician’s 
concentrated interest and support during these transitory difficulties can 
make the difference between successful and unsuccessful breast feeding. 

Some women find nursing unsatisfactory and the initial difficulties 
unsurmountable. Basic psychologic feelings often interfere with suc- 
cessful nursing. These mothers need a maximum of professional help, 
yet often they are the most difficult to help because their attitude, 
which is a reflection of inner conflicts, appears to be highly critical. 
Skilled pediatricians recognize the mother who is trying to breast feed, 
yet whose psychologic conflicts inhibit successful nursing. The pedia- 
trician can often improve the difficulty by suggesting at the appropriate 
time (i.e. when the mother seems completely overwhelmed and dis- 
traught) that both mother and baby might be better off with bottle 
feeding. The attempt at nursing, even though of only a few days’ dura- 
tion, allows the mother to say, “I tried, but it didn’t go well. It seemed 
best for the baby to be bottle fed. My pediatrician suggested that 1 
do this.” 

Bottle feeding offers to many women the most satisfactory way of 
achieving a successful feeding relationship. Particular attention must 
be paid to helping the mother learn to adjust the nipple so that the 
milk flows at a correct rate and that the bottle is held so that the air 
does not flow into the nipple and hence to the infant. The mother 
needs to learn to hold the baby so that he feels comfortable against her 
body. These and other simple details are too often thought to be 
elementary and completely escape professional attention. 

The details of preparing milk mixtures at home and the techniques 
of sterilization should be discussed in detail. The use of printed forms 
is helpful, but should be utilized only as supplementing the pedia- 
trician’s discussion with the mother. Mothers benefit by knowing that 
flexibility of quantity and frequency of feeding can be established with 
bottle feeding as easily as with breast feeding. (See also pp. 627 and 
639.) 


Discharge from the Hospital 


Pediatricians utilize the infant’s discharge examination to give the 
mother information for the early days at home. Many lying-in services 
arrange formula and bath demonstrations and going-home talks. When 
skillfully handled, group meetings create confidence in a woman’s 
capacity to begin her new job. Nevertheless too many instructions, too 
many “do’s” and “dont’s,” no matter how well motivated, can be con- 
fusing and overwhelming. 

The pediatrician can offer a great deal by saying, “Here are the 
most important things to keep in mind. Please call me if you have any 
questions. I'll be in touch with you in a day or two anyway.” Physicians 
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who routinely telephone a new mother, or make a home visit, a few 
days after discharge find that the promise to contact the mother at a 
specific time helps her to carry on until then. The author’s experience 
of telling mothers “to call anytime” results in fewer, rather than more, 
telephone calls. Freedom to call the pediatrician apparently encourages 
many mothers to develop their own resources. 

The baby’s final examination before discharge is advantageously per- 
formed in the mother’s presence, where the baby’s physical status can 
be discussed. Findings such as the open fontanel, ridges at the site of 
overriding sutures, cephalhematomas, scleral hemorrhages, hemangiomas 
of lids, forehead, neck, Mongolian spots, peeling skin, drying umbilical 
stump, physiologic icterus, vaginal mucoid discharge and bleeding, 
hydrocele, are often noted when the parents examine the baby carefully 
at home. Demonstrating these findings provides a mother with the 
knowledge which helps her to deal with her own and the family’s 
concern. 

Infant behavior such as stepping and placing reflex, Moro reflex, 
visual activity (which can often be demonstrated by slowly moving, 
in a horizontal direction about 6 inches from the baby’s eyes, a red 
flower borrowed from the mother’s bedside bouquet), rooting behavior 
and crawling behavior, and the usual response of blinking at the sound 
of a bell, is of great interest to mothers. The pediatrician shares with 
the mother his impression of the baby’s physiologic temperament by 
saying, “He is a cuddly baby” or “He is a good-natured, placid baby” 
or “He certainly likes to wave his arms and legs,” or “He lets us know 
in a big way when he is unhappy about being disturbed.” The mother 
learns the characteristics of her infant. Some babies who become fretful 
during the examination are very difficult to comfort at home, parttic- 
ularly if the parent’s own exhaustion and anxiousness are manifest by kin- 
esthetic tension.'* Showing a mother that her baby reacts by fussing 
when handled may help her to feel less a sense of failure when she 
herself has trouble comforting him. 

The pediatrician can help the nursing mother know what to expect 
at home. For example, the excitement of going home is associated 
frequently with a transient decrease in milk supply, and complementary 
feeding may be necessary. Clinical experience reveals that certain foods 
or drugs in the mother’s diet (such as cabbage, cauliflower, asparagus, 
Brussels sprouts, ginger, garlic, onions, cascara and milk of magnesia) 
pass into breast milk and cause some infants to be fretful and gassy. 

Whether the instructions for feeding are written out or prepared 
in a, printed form, care must be taken to be certain that the mother 
understands the directions. Pediatricians often give the mother feeding 
‘ instructions a day before discharge, and then discuss the details again 
at a final visit. The recommendation to be flexible in the feeding 
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schedule allows the mother freedom to develop her own judgment in 
satisfying her baby’s needs. 

Mothers frequently observe in the hospital that their infant presents 
a specific diurnal fussy period. Clinical studies indicate that this be- 
havior occurs in the majority of neonates,'* and if not observed during 
the hospital period a mother needs to know that neonates frequently 
develop a daily fussy period in the early weeks. Why a fussy period 
usually occurs late in the afternoon or evening is unknown, but this is 
the time when the parents are most exhausted and least able to provide 
the necessary comforting. Nothing can be more discouraging to a new 
mother than to be unable to comfort her fretful baby. Acquainting the 
mother with the usual remedies such as rocking, hot water bottles, 
heating pads, and pacifiers provides a few hints which may prove helpful 
later on. 

Pediatricians have recognized for a long time that to many new 
mothers little crises assume major proportions and are often associated 
with outbursts of weeping. These transient, and often recurrent, episodes 
known as “baby blues” are common experiences related to the profound 
psychologic and physiologic changes of pregnancy and delivery. The 
feeling of panic which the weepiness may evoke can often be averted 
by preparing both husband and wife for this event. 


THE NEONATAL PERIOD AT HOME 


The experienced practitioner is aware of how helpful his services can 
be during the many transient difficulties of the first weeks at home with 
a new infant. Helping parents develop relative ease demands considera- 
ble professional skill and patience. As parents assume the complete 
care of an infant, they are frequently overwhelmed at the constancy 
of the “on call” aspects. There are few occupations which demand 
such continuous readiness for action. Previous patterns of behavior 
based on a routinized schedule no longer are applicable to the new re- 
sponsibilities. Many women find themselves in a continual state of 
emotional and physical exhaustion during these early weeks. 

Amidst these initial joys of parenthood a mother calls her pedia- 
trician; or the pediatrician telephones or makes a home visit to inquire 
how things are progressing and to ask whether he can be helpful. The 
difficulties are usually expressed in terms of the infant’s appearance or 
behavior. He may have a rash on the cheeks, or he spits up after feed- 
ing, or he is difficult to burp. There are thought to be too many, or 
too few, bowel movements; or lie frets all afternoon. The pediatrician 
must give careful consideration to the complaints, keeping in mind such 
possibilities as inadequate breast milk, cow’s milk sensitivity, pyloric 
stenosis, and the poorly understood, but common paroxysmal fussiness 
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of infancy.'* Examination of the infant suffering from this last dis- 
comfort usually reveals no sign of ill health. The situation is particularly 
dificult when the parents’ exhaustion results in an increase in kin- 
esthetic tension, to which many infants react with increased discomfort. 
Providing pediatric care in such a situation calls for great skill and 
patience. One feels the tense atmosphere the minute the home is en- 
tered. Encouraging the parents to tell of their experiences and difficulties 
has remarkable therapeutic effects. Examination of the infant relieves 
much of the concern as to his state of health. 

The pediatrician who asks, “How are things in general?” will find 
that many mothers pour out feelings of discouragement and exhaustion. 
A common comment is, “I can’t seem to get anything else done but 
take care of the baby.” Inquiry usually reveals that the mother is 
functioning adequately. In addition to tending the baby’s needs, she 
supervises and often performs much of the household work. Recognizing 
that the specific questions are mainly reflections of the struggle to 
become effective parents with judgment as to when to and when not 
to be worried, the physician is aware of the value of his contacts. His 
demonstration of interest encourages the new mother and increases 
her capacity to care for her infant. Helping a couple grow as parents is 
one of the most satisfying spheres of pediatric practice. 


Adopting Parents 


Couples who become parents through adoptive placement need a great 
deal of professional help from their pediatrician.'* Adopting mothers, 
although lacking the tiring experience of labor and delivery, are often 
immobilized by the sudden parental responsibility. They miss out on 
the pregnancy, during which a natural mother is preparing physio- 
logically and psychologically for parenthood and develops the feeling 
of “having cared for the baby inside me, I am ready to care for the 
baby now that he is here.” 

Adopting couples are prone to interpret the usual difficulties of the 
early weeks as representing failure in their performance of parental 
responsibilities. Special care is necessary in helping these parents realize 
their assets, and in alleviating unnecessary feelings of inadequacy. Un- 
fortunately, many adopting couples employ a “baby nurse,” whose 
efficiency and competency is likely to increase rather than decrease 
their apprehension as they assume the parental responsibilities. 


The Multiparous Mother 


The pediatrician has a somewhat different role with the multiparous 
woman who, already accustomed to the role of parenthood, assumes 
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the additional responsibilities of a new infant with a different orienta- 
tion. Her way of life already includes the parental role, so that another 
infant necessitates less of a change than did the arrival of the first child. 

What is new, however, when a second child is born is the experience 
of living with the reactions of an older child. Many children show little 
change in behavior during the mother’s stay in the hospital, but soon 
after her return home there is usually some reaction to her absence 
and to the new infant. A toddler often becomes whiney and clinging, 
demands a bottle, regresses in toilet behavior, and may at times strike 
out at the mother and the infant. Mothers need help in understanding 
this behavior. They need suggestions in organizing their household so 
that all the children are cared for as effectively as possible. Feeding time 
for the infant can be a difficult experience for an older sibling, who 
feels left out as he watches the baby nursing at breast or bottle in his 
mother’s arms. One can make this a family affair with some satisfactions 
for all by feeding snacks, and milk or fruit juice to an older child. The 
common practice of sending him away during the baby’s feeding time 
can only increase his feelings of displacement. The pediatrician can 
help the patents provide care which strengthens the older child’s ca- 
pacity to control his aggressions, and redirect his energies in more 
acceptable, constructive directions. The adjustment problems are most 
difficult after a second child’s arrival, since the older child experiences 
for the first time the sharing of his own mother and father. 


SUMMARY 


The newborn period offers many areas in which a pediatrician provides 
professional services. Initiating the contact antenatally, he discusses 
with the expectant parents their questions, concerns, anxieties and 
plans, as they prepare to care for their infant. As the pediatrician super- 
vises the infant’s development he continually interprets to the parents 
the needs of the child, and helps them effectively to assume the parental 
role. The extent of the pediatrician’s role is endless, and the greater 
a physician’s understanding of the needs of parents and children, the 
more valuable will be his services to families under his care. 


Epitor’s Norte. It is well for pediatricians, nurses and others who care for newborn 
infants and their mothers to realize that the professional role, if used incorrectly, can 
undermine parental confidence and satisfaction with the new baby. 

Dr. Wessel at one point in his paper makes the statement that “most women lack 
confidence in handling a tiny baby, and each burp, cough or sniffle makes them feel 
inadequate.” At least part of this lack of confidence may derive from the off- 
ciously aggressive efficiency of hospital personnel, grandmothers, baby nurses, and 
physicians who have contact with new mothers. The mothers should be encouraged 
to develop confidence and self-reliance. This is best done by helpfulness and reassur- 
ance on the part of attending personnel, rather than by the proud display of the 
attendants’ boundless knowledge and efficiency.—R. J. McK., Jr. 
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VITAMIN K FOR THE NEWBORN? 


R. L. DENTON, M.D. 


For many years it has been known that the hemostatic mechanisms 
of the newborn infant, especially the premature, are subject to profound 
changes during the first week of life, and that in some, though not all, 
infants these changes are related to the appearance of spontaneous 
hemorrhage from various organs and tissues.?® Long ago the descriptive 
title “hemorrhagic disease of the newborn” was assigned to this syn- 
drome,*? but we are still lacking definitive criteria for its diagnosis and 
differentiation from neonatal hemorrhage due to other causes such as 
intracranial hemorrhage following trauma or anoxia. Subsequent to 
the initial observations that the administration of naturally occurring 
vitamin K to the mother before delivery, or directly to the infant im- 
mediately after birth, had a modifying effect upon the physiologic 
hypocoagulability of the first week of life, and upon the incidence of 
hemorrhagic disease as well,’: 24:34 the prophylactic administration of 
vitamin K in one or another of its forms—more recently the water- 
soluble analogues, of which menadione is the parent substance—has 
gained widespread acceptance and at present is a customary, routine, 
and indeed often an obligatory treatment, in spite of the fact that in- 
controvertible proof of its efficacy is lacking. Not infrequently the only 
justification voiced for its continued use is a negative one—“at least it 
can do no harm,” an assumption which may have encouraged the ad- 
ministration of large doses of the vitamin.’® 
The revelation that water-soluble vitamin K analogues do have toxic 
properties arose from a reawakened interest in the problems of hyper- 
bilirubinemia of the newborn, and its relation to central nervous system 
damage (kernicterus), and has brought sharply into focus the urgent 
need for re-evaluation of the whole subject of routine administration of 
vitamin K to the newborn infant. 
It is probable that hemorrhagic disease of the newborn does occur 
much less frequently today than it did 25 years ago,*! but it would be 
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dangerous self-delusion to assert that it has completely disappeared in 
those infants who have received vitamin K, if the author's personal 
observation may be considered an adequate criterion. Though there 
is no uniformity of opinion as to the incidence of the disease before 
1940, probably because of different diagnostic criteria, it would appear 
to have been present in about one in 400 hospital births;?7 current 
opinion places the incidence between one in 1000 and one in 1500 
births, though a recent report on its occurrence in a rural area of Cuba 
reveals the high figure of one in 300! There is some evidence to indi- 
cate that the condition is more common in premature than in full-term 
infants.27 With improvement in methods of assay of the various coagu- 
lation elements it is now recognized that deficiency of prothrombin is 
only one of many factors potentially productive of neonatal hemor- 
thage.?: 12, 18, 29. 35 Deficiency of factor VII or of antihemophilic globulin 
has been found to occur commonly in premature and even full-term 
infants, and these deficiencies have often been associated with hemor- 
thagic episodes. Such coagulation factors as plasma thromboplastin 
component (PTC), factor V, Stuart-Prower factor, platelets and others 
have been found to be low as well, though not consistently; their con- 
tribution to spontaneous bleeding is enigmatic. Little factual knowledge 
exists about the role of the capillary wall in hemostasis in the newborn, 
though the observation that it is particularly ineffectual in the prema- 
ture infant??? would emphasize the need for further information as 
to the contribution of such defects to hemorrhagic disease of the new- 
born. Indeed, the possibility that anoxic,!® seasonal®® and dietary fac- 
tors*: ® may influence the incidence of neonatal hemorrhage would 
indicate the need for further study beyond the range of conventional 
hematologic investigation. 

Does the administration of natural vitamin K, its water-soluble ana- 
logues or vitamin K, oxide to the mother before delivery, or to the 
infant after birth by oral or parenteral route, really reduce the incidence 
or severity of hemorrhagic disease? The clarification of this question has 
been the purpose of numerous careful studies, in most of which suita- 
ble attention has been given to adequate controls, the concomitant 
assay. of the measurable coagulation factors, as well as to variations in 
the vitamin K product used, its dosage and route of administration. 
From the reported results it could be concluded that vitamin K ad- 
ministered antenatally or postnatally, by parenteral or oral routes either 
does or does not influence the incidence of hemorrhagic disease of the 
newborn?: 5: §; 10, 11, 16, 30, 32, 38 and that the administration of the vita- 
min either does or does not alter the activity in vitro of prothrombin 
or factor VII significantly during the first week of life.?: 1% 11, 12, 27, 36 
Other studies: 17: 2° have compared the incidence of all hemorrhagic 
complications in the age period between 2 and 10 days in the vitamin 
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K-treated as opposed to untreated infants, on the assumption that extra- 
neous causes of bleeding would affect both groups equally and not 
prejudice a valid conclusion; the results of these investigations have also 
been found conflicting and inconclusive, even in respect to such a 
fundamental problem as the natural incidence of the disease itself. This 
bewildering confusion has been summarized succinctly by Smith:** 
“We have seen a decline, if not a disappearance of the old picture 
called ‘Hemorrhagic Disease’ with spontaneous bleeding on the sec- 
ond and third day, notably from the bowel and umbilicus, and into 
the skin. This change does not seem to be entirely related to the ad- 
ministration of vitamin K.” It would seem logical to conclude that 
hemorrhagic disease of the newborn is not the product of deficiency 
of any single coagulant factor,!° but rather the failure of a complex 
interrelation of many variable factors, only some of which are influenced 
by vitamin K, but all of which are self-correcting by the end of the 
first week of life. 

On the other hand, there is convincing evidence that some of the 
water-soluble analogues of vitamin K, when administered in large 
amounts by parenteral route to the mother or to the infant, are capable 
of producing hyperbilirubinemia (indirect-reacting type), which in some 
infants, especially the premature, may lead to kernicterus.” ® 18: 21, 28 
The exact mechanism is unknown at this time, though animal investi- 
gation has suggested several possible modes of action in which hemolysis 
is involved.*5 The possibility of direct neurotoxic action has not been 
excluded with certainty. It seems probable, however, that the important 
toxic factor is the active principle of the vitamin, menadione.”* 

In each recorded case of kernicterus the amount of vitamin ad- 
ministered has been unusually high, well in excess of 5 mg. Up to the 
present no such ill-effects have been attributed to doses of a smaller 
magnitude, nor have the natural forms of vitamin K or vitamin K, 
oxide (phytonadione) been implicated.? In emphasizing the hazards 
of parenteral injection of water-soluble vitamin K analogues to newborn 
infants, the Council on Drugs of the American Medical Association’ 
has recommended that a suitable dose of these materials is 1 mg. of 
a synthetic menadione or its equivalent, although amounts up to 5 
mg. may be considered safe. Other opinions are more conservative* 
and recommend | mg. as safe and “effective.”57 

From the available evidence it must be concluded that, although the 
incidence of spontaneous bleeding in the newborn infant between the 
second and seventh days of life would seem to have diminished during 
the: past two decades, it has not been conclusively proved that the ad- 
ministration of vitamin K has been responsible for this change. It is 
also apparent that the prophylactic administration of vitamin K is no 
guarantee of nonoccurrence of hemorrhagic disease, and the physician 
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therefore not absolved of his obligation to recognize its onset and 


institute suitable therapy without delay. Furthermore, the water-soluble 
analogues of vitamin K, in amounts in excess of 5.0 mg. of menadione 
equivalent, are capable of producing hyperbilirubinemia and kernicterus 


the premature or full-term baby if given parenterally to the child or 
the mother. 
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CONTRIBUTION OF THE 
PATHOLOGY LABORATORY 
TO DIAGNOSIS IN THE NEWBORN 


KURT BENIRSCHKE, M.D. 


The difficulties encountered in the assessment of disease states peculiar 
to the neonatal period often place the pathologist in a position to aid 
in the diagnosis of problem cases. It is important for him to realize 
that life does not begin with birth, but, rather, that the infant is subject 
to many diseases prior to his extrauterine existence. Consequently, 
possible neonatal difficulties may well be the expression of a variety 
of factors which may have operated before as well as during birth. 
There are principally two aspects by which the pathologist can con- 
tribute materially to the diagnosis and treatment of any newborn in- 
fant. These are a history including former pathology material and 
examination of the placenta. 


HISTORY 


In perinatal pathologic problems an adequate history plays an even 
greater role than it does in other circumstances. Only too often 
are clues available which shed light on a condition not formerly con- 
sidered. For example, a history of hydramnios in the absence of maternal 
diabetes or a twin pregnancy should focus attention upon the possible 
presence of congenital abnormalities of the gastrointestinal tract 
(notably esophageal and duodenal atresia) or the central nervous sys- 
tem. Conversely, the absence of amniotic fluid (oligohydramnios often 
associated with amnion nodosum of the placenta) is highly suggestive 
of fetal anuria (due to renal agenesis, polycystic kidneys or urinary 
obstructive lesions). Maternal diabetes has many effects upon the de- 
veloping baby. One aspect not ordinarily encountered in the differential 
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diagnosis is the greater frequency of renal vein thrombosis (unilateral 
or bilateral) in babies of diabetic mothers. This condition has its incep- 
tion before birth and leads to pediatric emergencies which are occa- 
sionally successfully met by hydration and surgery. Many other 
diseases such as erythroblastosis, poisoning and syphilis are so evident 
that they hardly deserve mention. It is important, however, to realize 
that an adequate and complete diagnosis of neonatal difficulties will 
be achieved only when a careful history is available. 


EXAMINATION OF THE PLACENTA 


A skillful examination of the placenta is probably the most valuable 
adjunct to the evaluation of the newborn infant. Often the macro- 
scopic examination alone will suffice to obtain an adequate impression 
of possible pathologic states, but many features would be overlooked 
if it were not followed by a microscopic study. It should become a 
routine matter for well intentioned obstetric hospitals to save the 
labeled placenta in a suitable container (e.g. ice cream carton) for a 
period of two or three days if routine examination is not feasible. For 
the purpose of this presentation a summary will be made only of the 
more frequent and important features which aid in the diagnosis of 
neonatal disease states. 


Bleeding 


Exsanguination from ruptured fetal placental vessels occurs on occasion 
even in the apparent absence of clinical signs during labor. Most fre- 
quently acute blood loss takes place from tears of velamentous vessels 
upon rupture of the fetal membranes. This is a well known entity. 
What is less commonly appreciated is the fact that such anomalous 
vessels are much more often associated with twin pregnancies. There- 
fore this condition must be anticipated in the delivery of twins, and 
acute blood loss may be one factor of profound anemia and shock in one 
of twins. The obstetrician may often be in the position to give this 
information to the pediatrician, but certainly, if, during a cesarean 
section, he was forced to traverse the placenta and cause fetal hemor- 
thage during this surgical emergency, he should bring this to the 
attention of his pediatric colleague. 


Abnormalities 


Abnormal shapes of the placenta and cord are relatively frequent and 
of no certain prognostic value at present. 
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Single Umbilical Artery 


In recent years, however, it has been learned that the umbilical cord 
may lack one of its umbilical arteries and that this deficiency is not 
infrequently associated with other defects in fetal development. This 
anomaly occurs in 1 per cent of all deliveries. If babies with such 
deficiency come to autopsy, it is found that this defect extends to the 
origin of the umbilical arteries and that it may affect either side. Rarely 
is an atrophic remnant of the vessel found. It is important to know, 
however, that normally the two arteries fuse near the placental surface. 
The statistics gathered on absence of an umbilical artery are as follows: 


Retrospective Analyses: 
Among 55 cases in the placenta and autopsy files of the Boston Lying-In Hospital 
76 per cent of the infants were known to be malformed. 
Among 411 autopsies at Children’s Hospital in Birmingham 11 cases were found, 
with major congenital abnormalities present in 81 per cent. In the control group 
anomalies were seen in only 23 per cent. 

Prospective Analyses: 
Among 1500 consecutive deliveries 15 cases were observed. Three had major and 
4 had minor associated anomalies, a total incidence of 47 per cent. The total fetal 
loss was 20 per cent. The incidence of associated serious malformations in a pro- 
spective study of 1200 consecutive deliveries was 25 per cent. 

Total Analysis: 
Of 113 cases available the total mortality was 58 per cent, and 14 of 48 survivors 
were known to suffer from other abnormalities. Only 35 per cent appeared nor- 
mally developed. Other abnormalities of the placenta were associated in 29 


per cent. 


It is obvious therefore that this easily detectable abnormality carries 
an ominous prognosis. A high percentage of afflicted babies suffer peri- 
natal death or are malformed. In a prospective analysis of this condition 
we have made it a practice to inform the pediatrician of this finding. 
He in turn re-examines the child for any possible malformation (there 
being no predilection for any organ system in this condition). Occa- 
sionally a hitherto unsuspected abnormality is then detected. On the 
other hand, the infant may appear to be perfectly normal, only to turn 
up with defective development years later. Faierman has expressed 
her findings by saying: “Therefore, a newborn infant without gross 
malformations visible externally, but with only one umbilical artery, 
has a 2:1 risk of severe internal malformations, which may warrant 
early surgical correction.” 

Parenthetically, it may be mentioned that in over 120 cases we have 
seen this anomaly in more than one offspring of the same family only 
twice. Another interesting feature of this condition is its increased 
incidence in twins. In multiple pregnancy it occurs approximately 10 
times more often and, from preliminary data, it does not appear to 
carry the same implications as it does otherwise. 
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PERINATAL INFECTIONS 


Perinatal infections play a significant role in the mortality of this age 
period, and it is not to be overlooked that a majority of these infections 
are acquired before birth. Although viruses (e.g. Coxsackie, herpes) 
contribute to this problem, in general, difficulties exist in establishing 
the diagnosis of virus diseases by placental examination. To date only 
the cytomegalic inclusion disease virus has been reported to cause 
specific lesions in the placenta (typical inclusion bodies in villi). As is 
well known, this infection may also be detected by examination of the 
urinary sediment. Other virus diseases may present typical pathologic 
features or have a classic history, but the value of available therapeutic 
measures is questionable at this time. 

Of greater numerical significance are bacterial infections. It can be 
stated with assurance now that bacterial infection of the amniotic cavity 
is acquired in an ascending manner in most instances. Frequently it 
occurs after prolonged labor and/or rupture of the fetal membranes. 
It is noteworthy, however, that many cases are seen in which there has 
been no premature rupture of the membranes. Also, there may or may 
not be maternal pyrexia, but frequently some elevation of the mother’s 
temperature occurs post partum. In cases of significant intrauterine 
bacterial infection of the fetus (who may be infected by inhalation, 
ingestion or rarely by blood stream contamination) the placenta almost 
invariably participates in the inflammatory process. It is the peculiarity 
of this organ that maternal (from the intervillous space) as well as 
fetal (cord and surface vessels) leukocytes migrate toward the noxious 
agent, which is usually contained in the amniotic cavity. These leuko- 
cytes can be detected readily by a discriminating examination of the 
cord and membranes. The disappointing feature of studies to assess the 
incidence is the vast excess of inflammatory processes over the number 
of clinically ill infants. Conversely, almost all infants succumbing with 
a bacterial infection in the first three days and many of those who 
have meningitis, gastroenteritis or otitis media can be shown to 
have been associated with a placenta which exhibited the inflammatory 
changes mentioned. At this time our knowledge is insufficient to ex- 
plain the excess of inflammatory reactions. It is possible that some 
represent infections already successfully overcome, others may be too 
recent to exhibit clinical features, and still others may represent chemo- 
tactic events secondary to other stimuli (e.g. meconium, pH changes). 

For these reasons it has become practical to lay particular emphasis 
on the study of those placentas which come from suspect babies. Ex- 
tremely prematurely born infants, we find, are frequently infected, and : 
particularly those accompanied by premature cervical dilatation. In- 
deed, the infectious process may be the cause of some premature labors. 
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Other “danger-cases,” of course, are those in whom maternal pyrexia, 
premature rupture of membranes or prolonged labor are historical 
events. The largest category is made up of babies with manifest respira- 
tory illness in the neonatal period or otherwise unexplained hyper- 
bilirubinemia. If infants suffer from obvious respiratory disease im- 
mediately after birth and congenital malformations can be excluded as 
its cause, then it is generally due to the formation of hyaline membranes 
or is secondary to the aspiration of pus with development of a bron- 
chopneumonia. A rapid examination of the placenta may be of some 
benefit for purposes of treatment and isolation. In this context it is 
not to be overlooked that it may aid in the diagnosis and treatment of 
postpartum febrile illnesses as well. 

The recognition of a severely inflamed placenta by gross examination 
is not difficult. Often a foul odor comes from its surface, but it is the 
inspection of the fetal surface which helps most in its recognition. 
The emigration of leukocytes from the intervillous space and the fetal 
surface vessels lends an opacity to the usually shiny fetal surface of 
the placenta. The dark blue color is now milky white. The process is 
progressive. Usually leukocytes wander out first from the intervillous 
space and later from the fetal surface vessels and the vessels of the 
umbilical cord. In the cord the migration begins in the umbilical vein, 
and in the severest cases it involves the arteries; indeed the entire cord 
may be penetrated by white blood cells. We have made the assumption 
that it is only the severer case of this infection which is of clinical 
interest and have concentrated our effort upon its detection by the 
examination of the umbilical cords. This is readily done in pathology 
laboratories in which the equipment for rapid frozen sections is avail- 
able. A 2-cm. segment of cord is removed from the center, placed in 
10 cc. of 10 per cent formalin and brought to boil over a gas burner. 
This greatly facilitates the handling of the gelatinous substance. A 
conventional frozen section is prepared, stained with any dye (Paragon 
multiple stain has worked best in our hands), and the section is ex- 
amined for the presence of leukocytes in between the muscle bundles 
of the umbilical vein or the adjoining Wharton’s jelly. If present, the 
section is reported as positive. 

A study of over 1500 consecutive deliveries ‘has shown that inflam- 
mation is found in approximately 11 per cent, an incidence far greater 
than clinical symptoms of neonatal distress due to infection. As has 
been pointed out, there may be other reasons for this inflammation, 
and it is now up to the pediatrician to act according to his best judg- 
ment whether or not to institute treatment. It has been stated recently’ 
that the finding of umbilical vasculitis is primarily indicative of fetal 
hypoxia and stasis. The difficulty with this argument is that in most 
cases of umbilical cord inflammation there is simultaneous (and prob- 
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Fig. 1. 





Fig. 2. 


Fig. 1. Frozen section with vasculitis. Vein (V), Arteries (A). (Paragon, x 8.) 
Fig. 2. Portion of wall of umbilical vein with margination and infiltration of fetal 
leukocytes. (H. E. x 100.) 


ably antecedent) maternal exudation from the intervillous space. At 
this time no further positive information is available, and the reader 
is referred to a recent survey which is meant to elucidate the problem. 
Extensive studies are in progress in several laboratories. 

Other means of assessing fetal infection have been proposed by Blanc. 
It is often convenient to prepare smears of tracheobronchial or gastric 
contents of the newborn. In this material not only the exudate, but 
also bacteria may be identified. Finally, a portion of amnion can be 
stripped from the surface of the placenta, stained and examined directly 
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for the presence of a leukocytic infiltrate. The implications of positive 
findings are the same as discussed above. 

Other pathologic changes in the placenta whose recognition may 
aid neonatal diagnosis are thrombotic lesions and infarcts. On occasion 
striking vascular thromboses (usually venous) occur in the surface ves- 
sels of the placenta and in the cord. They are associated with long- 
standing and extensive meconium contamination or, possibly more 
frequently, with the presence of velamentous blood vessels. The signifi- 
cance of such thromboses is that they signal occasionally a hemorrhagic 


Fig. 3. 





Fig. 4. 


Fig. 3. Fetal surface of placenta with fetal vessel (F) and leukocytes in amnion 
(A) and chorion (Ch.). (H.E. x 80.) 
Fig. 4. Surface of amnion with colonies of cocci within epithelium. (H.E. x 1000.) 
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tendency of the infant. Extensive infarctions of the placenta are more 
commonly found in toxemia of pregnancy and most often are associated 
with stillborn infants. More recently we have seen a group of cases in 
which a substantial deposition of fibrin, primarily at the floor (maternal 
aspect), mimics infarction. We have referred to this condition as “ma- 
ternal floor infarct,” although the infarction of the tips of villi is really 
a secondary phenomenon. What is of interest in this obscure condition 
is its frequent recurrence in successive pregnancies. The pediatrician 
should be aware of it primarily because the collection of data may lead 
to an understanding of the etiology and significance of this condition. 


SPECIAL PROBLEMS IN TWINNING 


Twins are delivered prematurely in many instances and are thus fre- 
quently subject to the difficulties encountered in the care of premature 
infants. In addition to this, a few special problems increase the mortality 
of twins appreciably. One factor already mentioned is the greater fre- 
quency of a velamentous insertion of the umbilical cord. This may lead 
to rupture with exsanguination or thrombosis of branches of the umbili- 
cal vein. Velamentous insertion of the cord occurred in a series of 250 
consecutive twin deliveries past 20 weeks in 32 of the 500 babies, an 
incidence of 6.4 per cent, which is a considerable increase if compared 
with single births. 

The absence of one umbilical artery is 7 to 10 times more common 
in twins, but does not appear to be as frequently associated with mal- 
formations as it is in single births. 

Approximately one third of twins delivered in this country are derived 
from a single fertilized ovum (identical or, better termed, monozygous 
twins). Their mortality (approximately 26 per cent) is considerably 
greater than that (approximately 9.3 per cent) of fraternal twins. The 
single most important contributing factor to this mortality is the ex- 
istence of peculiar anastomoses in monochorial placentas between the 
vascular beds of the twins. These vessels are the reason for the designa- 
tion “chorioangiopagus.” They exist in various modifications and com- 
binations. Large artery-to-artery communications are generally incon- 
sequential. If associated with additional vein-to-vein anastomoses, 
abnormal development of one twin is more frequently seen. From a 
practical point of view the most significant type of anastomosis is the 
presence of only one arteriovenous shunt. When this is associated with 
larger direct anastomoses, usually no detrimental sequelae occur. Also, if 
opposite shunts of this sort compensate for such a fistula, no untoward 
development ensues. In the presence of only a one-directional flow from 
the artery of one twin (no. 1) through the villous ramifications into the 
venous district of the other twin (no. 2) a gradual hemic disequilibrium 
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develops. Twin no. 1 becomes anemic, dehydrated, retarded, oliguric 
and oligohydramneic, while twin no. 2 has plethora, edema, poly- 
uria, hydramnios, and cardiac and renal hypertrophy. Usually such a 
pregnancy becomes abnormal in the midtrimester because of severe 
hydramnios, and delivery is most common before the thirtieth week. 
Occasionally one fetus dies to become a fetus papyraceus, and symptoms 
subside and a normal pregnancy follows. There exist variations in the 
degree of this “transfusion syndrome,” owing to the variation in the 
size and nature of the anastomoses, but a careful observer will detect 
it in a great many of “identical” twins. The pediatrician who faces 


such anemic and dehydrated and plethoric and edematous twins has " 


presently no guide as to how he should treat them. Future investigation 
is necessary to decide whether to transfuse or hydrate one and bleed or 
digitalize the other. 

Finally, the pathologist should aid in the assessment of zygosity in 
twins. This judgment is desirable not only from an investigative and 
genetic point of view, but also for practical reasons. Recent advances 
in homotransplantation make it imperative that twins have the maxi- 
mum amount of knowledge about their zygosity. For practical purposes 
only isosexual sets of twins need be considered. A proficient examina- 
tion of the dividing membranes establishes whether or not twins have 
dichorial or monochorial placentas. Two completely separated placentas 
are always dichorial. If they are partially or completely fused, then 
the membranes dividing the two sacs must be analyzed. (Twins born 
in one sac—monoamniotic—are always monochorial.) The dividing 
membranes may consist of two amnia only (monochorial; very thin, 
translucent) or of two amnia and two choria (dichorial; thick mem- 
branes, not generally translucent, cannot be separated readily one from 
the other). All monochorial twins (in man) are single-covum, mono- 
zygous, “identical.” But not all dichorial twins or even those with 
completely separated placentas are fraternal. Only 75 per cent of mono- 
zygous twins also possess a monochorial placenta. After elimination of 
this group one will next proceed to as complete an analysis of blood 
groups as is practical, and is then left with only a small number of 
twins in whom much more extensive testing will be necessary if the 
answer is to be found. 
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WATCHING THE NEWBORN FOR 
DISEASE 


LULA O. LUBCHENCO, M.D. 


Symptoms of disease in the newborn are often different from those 
in the older child. Some express the opinion that the newborn child 
may become morbidly ill with few if any preliminary signs.11 Others 
rely on the “knowledgeable intuition”!* of nurses who say, “This baby 
is not doing well.”® 16 However, it was the belief of those dealing with 
newborn infants in the nurseries at Colorado General Hospital that 
“knowledgeable intuition” was based on specific observations which 
were not entirely clear to the observer. On this assumption, a list 
of signs was compiled by the nurses and physicians working in the 
nurseries at Colorado General Hospital.*° These signs included minor 
deviations from normal clinical signs, behavior or even appearance, 
but they could be described without difficulty. It was found that such 
a list of signs made watching the newborn for disease much easier. 
The list not only served as a reminder in making observations, but also 
permitted recording the findings without judging the importance of 
the observation at the time it was made. Hence single or apparently 
isolated signs were not minimized and were seen in combination with 
other minor signs. 

It has been our experience that symptoms of illness can be recognized 
in newborn infants, that these signs appear similar to the insignificant 
signs noted in normal babies and that the clue to illness is found in 
the multiplicity of minor signs as well as in their severity. 

It is probably for this reason that other check lists concerning new- 
borns have been used successfully. The condition of the infant at 
birth is described by Apgar! in a scoring-type of check list, and the 
infant with evidence of respiratory distress may be evaluated by Silver- 
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man’s" retraction score, a valuable guide to the progress of that condi- 
tion. 

This paper deals with a check list of nonspecific signs designed 
to alert physicians and nurses to the development of illness in newborn 
infants. It goes one step further and discusses the direction for investi- 
gation of specific disease based on the signs recorded. 

The conditions on the check list are arranged in groups (Table 5). 
Each group, in general, refers to an organ system. As a first step in 
deciding whether a baby is ill, the total number of signs in all groups 
is noted. Four or five checks, or even six to eight in a premature 
infant, scattered throughout the list may cause no concern. But if 
new checks appear and if there is a grouping of checks in one or two 
categories, illness is more likely to be present. In this event the next 
step involves determining the kind of disease the infant may have. 

Some specific illnesses are now being defined. One such entity has 
been reported® in which pneumothorax was recognized clinically, but 
events leading up to the diagnosis were not clear until the behavior 
of the infant, as recorded on the check list, was analyzed. 

The following discussion, which suggests specific diagnoses when 
groups of signs are present, is based on a 10-year clinical experience 
with sick infants in the nurseries at Colorado General Hospital and is 
not a statistical analysis of proved disease. Premature infants are in- 
cluded in the discussion, since the check list is of equal value in 
recognizing the minor manifestations they exhibit. 


GASTROINTESTINAL SYMPTOMS 


The first group of symptoms (Table 5) deals with feeding or the gastro- 
intestinal system. Many diseases, regardless of cause, have as a present- 
ing sign “poor feeding.” If every infant who gives evidence of feeding 
difficulty is considered sick, the chances of recognizing disease in the 
early stages are much better. Poor feeding occurs most often with 
infection, but it may also be associated with metabolic changes, especi- 
ally those accompanied by hyponatremia.” “Poor feeding” may be due 
to decreased gastrointestinal tract motility, progressing from delayed 
emptying time of the stomach to regurgitation, or to the extreme, but 
relatively infrequent, paralytic ileus. Drooling or regurgitation of mucus 
immediately after birth suggests congenital anomalies such as tracheo- 
esophageal fistula or duodenal obstruction. 


NEUROMUSCULAR SYMPTOMS 


The second group of symptoms are those having to do with muscular 
activity of the baby and are arranged from convulsions to lethargy. 


























































































































































































































TABLE 5. Check List of Signs of Illness, Full-Term and Premature Infants 

\Gavaged poorly | | Body cold to touch | 

\Sucked poorly gaw Temp. above 37° C. rr | a 

|Gagged aq BRS Temp. varied 2° or more g ¥ ere 
Drooled ws Incubator temp. r. Pa 

\Regurgitated =” ea | Cyanosis, circumoral Pt oa 

Hiccups Bas || Cyanosis, circumocular RE |_| 

Mucus on tube | GROUP I | Cyanosis, extremities a | 

Mucus, other iis és po | Cyanosis, generalized GHE 

Abdominal distention | || Pallor ~ || |t GRoup vi 
Abnormal stools Kz é | Plethora amar ge 

Sore buttocks axe | Mottled “Nd Raa 

| Weight oo | | me Harlequin syndrome th he, # 

Convusions F 2 Jaundice | 

Rigid g az Edema, generalised ye g & 

Opisthotonos = hee HEI || Edema, extremities | | | || GROUP VII 
|T witching | | || Edema, eyelids Be 

lIrritable = az | ! Sclerema SLR 

Tears el ERE | Dehydration ; rh. Bel 

Tireseasily a ob pied Sauna ana tat 

Less active eta ag s | Umbilicus oozing mit g 

'Lethargic ra, eee an || Eye discharge Sar OR A g 
eT ae 

Shrill ery LLU ||Otherrash  =-s,_|_|_|} GROUP VIII 
|Moro reflex poor o or absent | || Abscess 

Rapid Pulse | ‘ \| Skin irritated or Sar YF v | 
‘Slow pulse ; ei xo | H} Fer yl | 
Irregular pulse awe H Skin dry or peeling es i BY 

Bleeding (specify : area) i cc ra wine ten eo ; ? 

Petechiae : | ee i] % oP | 

[Eechymoses —H+ A Sebi vas | 

Respiratory rate Laat i 4 ) ‘Demanding 

Shallow respirations wm 6 44 || Hungry SE aT ge 

[Deep respirations — OS FALE | Sucks well mt otki: we 

Irregular respirations at wo 2 | Gavages well, but slowly co) he 

\Labored respirations | | | |Gavages well =| 

|Grunting respirations , a & ' a 1 Resisted gavage ‘: fee Ri had | 

jAbdominal respirations | : [ 12 GROUP IV | Weight gain wi bee] |} GROUP IX 
Retractions | Strong cry | 

‘Apnea PEC TEE: TF | Good Moro reflex a a 

Cough Bo a5 Tee So || Active “4 Tur 
ee eae mE ZS 

Stuffy nose Regular respirations } 

Choking we a 2 | | || Color stable | | | 

The severity of the sign is indicated by +, ++ or +-+-+ and if the symptom is present only ac 

or pe, these symbols are used. This check list is used by nurses instead of routine nurses’ notes. The 
signs observed in the infant are checked, the time and date noted, and the column initialed. If situations 
2¢-bour summary of aureing pom wf yy St eens this, plus 
he physicians’ examinations, provides the data on which a decision is made concerning illness. 











474 WATCHING THE NEWBORN FOR DISEASE 


Hyperactivity was found in association with respiratory distress in pa- 
tients who suffered pneumothorax or emphysema. Hyperactivity may 
accompany hypoglycemia, an additional clue being vigorous sucking 
on the fists. Hypocalcemia in the newborn period—another cause of 
hyperactivity—tends to show finer movements than those listed above, 
notably twitching or clonus of hands and feet. When hyperactivity 
is present, and when the Moro reflex is absent and there is a shrill cry, 
central nervous system damage is likely. 

Suspecting intracranial or central nervous system disease is but one 
step in defining the illness. For example, subdural hematoma in the 
newborn is often an acute illness characterized by pallor and/or 
jaundice, vomiting and a bulging fontanel. The additional findings of 
hemorrhages in the retina are helpful in making the diagnosis. Subarach- 
noid or intraventricular hemorrhage at or shortly after birth, provided 
it is not massive, gives the more common picture of central nervous 
system damage—the high-pitched cry, rigidity, vomiting, respiratory 
distress with a relatively slow rate. Not infrequently the symptoms 
disappear in the newborn period and the subsequent developmental 
course is uncomplicated. If the intracranial hemorrhage is massive and 
accompanied by shock, or if there is widespread brain damage from 
anoxia, the infants tend to be more flaccid, there is inability to suck 
or swallow, spontaneous movements are infrequent, and there may be 
opisthotonos and general inattention. Meningitis in the newborn is 
suspected when signs of infection are present in combination with ir- 
ritability and opisthotonos, i.e. lethargy, jaundice, pustules, oral mucus, 
and so on. 

At the other end of the activity spectrum we find the description 
“becoming less active,” progressing to evidence of frank lethargy. These 
signs are prominent in infection. When poor feeding, lethargy and 
increasing jaundice are present simultaneously, sepsis is so strongly 
implied that it must be ruled out. 


CARDIOVASCULAR SYMPTOMS 


The symptoms in the third group (Table 5) encompass pulse rate and 
bleeding. The heart rate will be considered with cardiorespiratory 
diseases. Bleeding and bruising deserve specific comments. As a better 
understanding of coagulation deficiencies in the newborn period is ob- 
tained,’ their relation to easy bruising of the full-term, but more especi- 
ally the premature, infant is appreciated. If we consider the underlying 
deficiency in the same manner as we do the deficiency in the hemo- 
philiac, it is then not surprising to see continued bleeding following 
trauma. The trauma of birth is evident as cephalhematoma, massive 
ecchymoses and, internally, as intracranial hemorrhage. Bleeding may be- 
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gin secondary to hypoxia—pulmonary hemorrhage may be an example— 
or to infection such as enteritis. Once started, such bleeding may 
continue because of coagulation deficiencies. On the other hand, when 
petechiae rather than bruises are seen, thrombocytopenia as the under- 
lying disease is suspected. Often petechiae are seen about the head, 
and a note is made that during birth the cord was twisted tightly about 
the neck. A platelet count, however, will frequently reveal the throm- 
bocytopenia which contributed to the positive “tourniquet test.” The 
thromobocytopenia may be due to a passive effect from a mother with 
thrombocytopenia* or may be the result of iso-immunization against 
platelets.® 


RESPIRATORY SYMPTOMS 


In group IV (Table 5) are listed respiratory signs. Severe respiratory 
symptoms, although most often evidence of lung disease, may also be 
secondary to intracranial damage, the difference being a slower rate of 
breathing with central nervous system disease. The respiratory distress 
syndrome (hyaline membrane disease), occurring chiefly in premature 
infants, infants of diabetic mothers or from complicated cesarean sec- 
tions, is well known and is one of the most distressing problems facing 
pediatricians in nurseries. For a description and grading of respiratory 
symptoms, the reader is referred to the chart devised by Silverman. 
The mild symptoms at birth become alarming in two or three hours 
or more, and persist with increasing severity of retraction of the chest 
wall and increasing respiratory rate until death, or, if the infant recovers, 
the distress decreases, but continues for three or four days. 

Emphysema as a complication of hyaline membrane disease may be 
suspected when there is a full chest, little expiratory movement and an 
increasing respiratory rate. An increased respiratory and cardiac rate 
after 24 to 48 hours in a baby with respiratory distress is not necessarily 
a poor prognostic sign, but may be evidence of the infant’s ability to 
compensate for hypoxia. 

Some of the signs appearing on the check list are ominous by them- 
selves and need no accompanying signs of illness. Apnea is one of these 
and, although listed as a respiratory sign, is present with many non- 
respiratory diseases. Chief among these are situations in which metabo- 
lic homeostasis is disturbed. Short periods of apnea, repeated at in- 
tervals during the day, are often associated with hyponatremia and may 
disappear with administration of sodium chloride or sodium bicarbon- 
ate. Hyponatremia is frequent in the very small or ill premature infant 
and may not be discovered until apnea occurs. Apnea also has been 
described in association with hypoglycemia.'* It is occasionally the 
presenting sign in pneumothorax or emphysema. In this instance apnea 
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occurs unexpectedly, often after a feeding. In retrospect, it may be 
noted that the infant was having mild respiratory symptoms and was 
somewhat hyperactive. Presumably the volume of the feeding in the 
stomach was sufficient to decrease the vital capacity and produce frank 
respiratory insufficiency. Apnea has also been observed to be the herald- 
ing symptom of pneumonia in the slightly older neonate or premature 
infant. 


BODY TEMPERATURE 


An unstable body temperature (group V, Table 5) has been found to 
be a more reliable sign of infection in the premature infant than a low 
or elevated body temperature. The full-term infant may respond with 
fever, whereas the immature infant with poor muscle tone and low 
caloric intake may not be able to increase his temperature. A drop 
in temperature or very low temperature may be a poor prognostic sign 
in both full-term and premature infants. High incubator temperatures 
may cause undue elevation of body temperature. 


CARDIAC SYMPTOMS 


Cyanosis (group VI, Table 5) in the premature infant, when circum- 
oral or circumocular, and occurring only after a feeding, simply ex- 
presses immaturity. Also evident are irregular, shallow and abdominal 
respirations. These are the last signs of prematurity to disappear and, 
in fact, may even be present to a slight degree when the infant is 
deemed well enough to be discharged. This group of symptoms, there- 
fore, requires no investigation in the premature infant, but when present 
in the full-term infant, suggests pulmonary or cardiac disease. 

The diagnosis of congenital heart disease in the newborn period is 
difficult unless symptoms are severe and there is cyanosis or circulatory 
failure. Acyanotic heart disease, without failure, is frequently unsus- 
pected unless there is a murmur with accompanying excessive pre- 
cordial activity or unless femoral pulses are not palpable. Cyanotic heart 
disease may begin with little or no cyanosis in the immediate newborn 
period, but will progress within the next few hours, days or weeks. The 
color is not always improved with oxygen administration and is usually 
made worse by crying. Heart failure produces tachycardia and tachypnea, 
especially with exertion such as crying. There are an enlarging liver, rales 
in the lungs and, as a very late sign, edema. Certain physical char- 
acteristics in the newborn infant suggest that careful evaluation of 
the heart should be carried out. Those of mongolism and Marfan’s 
syndrome are well known. Others which are less familiar, yet associated 
with heart defects, are pseudohypertelorism, Turner's syndrome, and 
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the moon face of pulmonary stenosis* A helpful description of signifi- 
cant murmurs in the newborn is available.‘ 

Plethora in the first week after birth, when various cardiovascular 
adjustments are being made, is considered normal. The ruddy color 
gives way to pallor as the infant begins to grow rapidly. Pallor at birth, 
however, or during the first few days after birth is an alarming sign 
and requires prompt investigation. One of the causes for pallor is loss 
of blood before or during labor, sometimes as a transfusion into the 
maternal circulation, or loss from ruptured placental-fetal vessels. Hem- 
orthage after delivery may occur when the cord is incompletely clamped 
or from internal bleeding. When severe, these situations may result 
in shock and death. Pallor also accompanies sepsis when the invading 
organism is one which causes hemolysis of red cells. Other signs of 
infection are prominent if pallor is due to septicemia. 

Jaundice in the newborn is no longer considered “physiologic” and 
is now investigated when any degree is present in the first 24 hours 
after birth, if the level reaches 12 to 15 mg. per 100 ml. of bilirubin, 
or if jaundice persists for longer than 7 days. The prompt and aggres- 
sive approach to discovering its cause includes a detailed pregnancy 
history and laboratory procedures which, if planned ahead, require a 
single venipuncture from the mother and from the baby. (See also p. 
539. ) 

It should be remembered that sepsis and iso-immunization may occur 
simultaneously. ABO sensitization is recognized more often in the 
premature than in the full-term infant because of the more intense 
jaundice of the premature infant, which is probably associated with 
decreased ability of the liver to conjugate bilirubin.*® 


DERMATOLOGIC SYMPTOMS 


The signs dealing with skin turgor (group VII, Table 5) are helpful 
in recognizing dehydration. The findings in dehydration, in addition to 
loss of elasticity of the skin, include low body temperature in the 
debilitated infant and fever in the more vigorous one, decreased activ- 
ity, increasing jaundice, cyanosis, and a history of poor fluid and caloric 
intake. The absence of signs of infection, such as skin rashes, loose 
stools and mucus, is helpful. The presence of minimal edema of hands 
and feet at birth is common in the premature infant and may still be 
noted in the infant with dehydration. The edema of the baby of the 
diabetic mother is more generalized and is often associated with a 
large liver and spleen. 

Sclerema is defined as a brawny hardness of the skin and subcu- 
taneous tissues occurring about 24 to 48 hours after birth and frequently 


* Personal communication from C. H. M. Walker. 
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associated with symptoms of respiratory distress. It begins on the face 
and buttocks and spreads to the arms and legs. Terminally, the infant 
is “stiff all over.” Severe metabolic changes, similar to those seen in 
infants with respiratory distress, including a high serum potassium, 
have been found in these infants.* 

Skin findings (group VIII, Table 5) are considered to be evidences 
of infection and are significant when accompained by the other findings 
discussed previously, i.e. various degrees of poor feeding, jaundice and 
lethargy. Erythema toxicum is listed with other skin rashes and con- 
sidered to be a possible sign of infection even though an eosinophilic 
response has been demonstrated in the lesions.? Monilial skin rashes 
are common in infants who have a history of a preceding illness treated 
with antibiotics. The presence of thrush of the mouth and of a red, 
edematous rash in the groins is characteristic of cutaneous moniliasis. 


SIGNS OF HEALTH 


The last group of signs, group IX, are considered to be those of a 
healthy baby. One recognized exception has been the possible confusion 
of hyperactivity with normal hunger and activity. In this case other 
symptoms of hypoxia should be apparent. Hypoglycemia may also 
produce such behavior. 


SUMMARY OF SIGNS 


A summary of the signs discussed above and their relation to specific 
illness in the newborn is tabulated (Table 6). The check list (Table 
5), which was originally designed to help nurses in their observation 
of infants, was found to be of equal value to physicians in alerting 
them to the existence of an illness. The grouping of signs according to 
systems gives an indication of the kind of disease which may be present 
and provides direction to investigation. 

The vagueness of the descriptions of many of the illnesses listed 
above impresses one with the great need for better definition of disease 
in the newborn. 
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BACTERIAL INFECTIONS 
IN THE NEWBORN 


ROBERT J. HAGGERTY, M.D. 


The general characteristics of bacterial infections in the neonatal period 
are influenced more by the response of the infant (host) than by the 
causative organism (agent). Thus infections due to different organisms, 
or in widely different organ systems, can present with similar symptoms 
(or lack of symptoms). The newborn is also characterized by general 
resistance to many of the common bacterial diseases of later infancy— 
streptococcal, diphtheritic and pneumococcal—and yet is generally 
susceptible to many organisms considered nonpathogenic for older in- 
fants—the gram-negative bacilli in particular. The precise reasons for 
this are not clear, but the recent reviews of neonatal immunity by 
Vahlquist"! !* indicate that specific immune gamma globulin antibodies 
against most of the gram-negative enteric bacteria either do not pass 
the placenta or are not present in the mother to be transferred to the 
infant. The role of other defense mechanisms in the newborn period is 
also poorly understood. 

The present report concerns itself with a discussion of the clinical 
picture, diagnosis and treatment of some of the common bacterial 
infections in the newborn. 


INCIDENCE 


Benirschke! indicates that about 16 per cent of perinatal deaths are 
due to bacterial infection, and Henderson‘ in England cites data to 
show that some 4.3 per 1000 neonates show major bacterial infections. 
Whether these figures vary much from year to year or from country 

to’ country is not known. 
In Henderson’s study of 35 newborns with major infections, 6 had 
omphalitis, 7 pyelitis, 14 pneumonia, 5 septicemia and 3 meningitis. 
481 
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If to this are added other areas of the skin (pyodermas) and gastro- 
intestinal tract, the major organ systems involved in bacterial infections 
are then listed in the approximate order of frequency of involvement. 


ETIOLOGIC AGENTS 


Gram-negative enteric bacilli are responsible for the majority of bacterial 
infections in newborn infants; two recent series® ?° showed a combined 
total of 72 per cent due to such organisms, and only 28 per cent due 
to gram-positive cocci. Although a majority of the gram-negative bacilli 
are Escherichia coli, infections due to most other major groups of enteric 
bacteria have also been reported, and rarely mixtures of two or more 
different organisms are isolated. A significant number of these other 
gram-negative bacteria are resistant to the antibacterial agents com- 
monly given. 


PATHOGENESIS 


All infants acquire a bacterial flora of the skin, upper respiratory and 
gastrointestinal tracts within a few hours after birth. The intriguing 
question is: What are the factors responsible for the development of 
disease due to these same agents in only an occasional infant? Although 
the entire answer is far from clear, it appears that one major factor, 
particularly in those with gram-negative bacterial infections, is a history 
of some abnormality of pregnancy, labor or delivery. Certainly newborn, 
and especially premature, infants have different host responses to in- 
fection than do adults, but there is little evidence that the infant who 
gets infected differs in these responses from the one who does not. 

In a few infections the type of organism seems to play some role in 
the pathogenesis of illness, for certain serotypes of E. coli seem more 
likely to result in epidemics of gastroenteritis in newborns than others.” 
These more “virulent” types do not seem more likely to cause dis- 
seminated disease, however. 

Benirschke! has outlined the arguments, from a pathologist’s view- 
point, for the role of ascending infection through the mother’s genital 
tract for many bacterial infections in newborns: the increased incidence 
in infected babies of inflammation of the placenta, of first-born twins, 
of prolonged labor, and of premature rupture of the membranes (the 
last is not essential to ascending infections, however). 

Epidemiologic evidence also implicates a maternal source of infection 
in neonatal meningitis, in which it has been shown that a history of an 
abnormal pregnancy or delivery was associated with the majority of the 
gram-negative bacillary infections, but not with those due to gram- 
positive cocci!® (Table 7). 
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The site of the initial invasion of bacteria in these instances appears 
to be most commonly the lungs, probably by aspiration of organisms 
while in utero, but the middle ear, skin, umbilicus and occasionally 
other organs may also be the point of entry. If congenital anatomic 
defects exist which permit direct entry of bacteria, such as a ruptured 
myelomeningocele, infection readily occurs. Thus the major factor in 
the pathogenesis of disseminated gram-negative bacterial infections in 
the newborn seems to be a mechanical break in the normal barriers to 
entry of bacteria into the infant, either through a gross anatomic defect 
or through a microscopic break in the barriers associated with compli- 
cations of delivery. In staphylococcal and other gram-positive infections, 
other factors may be of more importance. 


DIAGNOSIS 


The importance to the pediatrician of considering the history of preg- 
nancy and delivery is the aid such a history may play in the early 
diagnosis of neonatal infections, which otherwise may be inconspicuous 
until far advanced. 

When suspicion of potential infection in the newborn is aroused by 
a history of an abnormal pregnancy or delivery, histologic examination 
of the placenta or umbilical cord by frozen sections, or examination of 
the cells found in the gastric aspirate, is a helpful guide. When vascu- 
litis or chorionitis is seen on examination of the placenta, 5 per cent 
of the infants subsequently have clinical infection; without such find- 
ings, less than 1 per cent do." (See also page 461 ff.) 

Leukocytosis, though frequently present, is not diagnostic. Blood 
culture and examination of the spinal fluid are the specific diagnostic 
studies which must be performed in any newborn demonstrating any 
of the clinical pictures described below. With a history of abnormal 
pregnancy or labor, and histologic evidence of chorionitis on frozen 
sections of the umbilical cord or placenta, such examinations should 
be liberally performed for even minimal symptoms. 

Urinalysis with culture, nasopharyngeal cultures, culture of skin 
lesions or umbilicus, and roentgen examination of the chest are helpful 
in localizing the involved organ system or in confirming the etiologic 
agent, but rarely give a definitive etiologic diagnosis. 


CLINICAL SYNDROMES 


Although bacterial infection in the newborn may present in somewhat 
different ways, depending on the main organ involved, the characteristic 
of all is the relatively silent nature of such infections until late in the 
course, and the remarkable similarity of symptoms with many different 
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kinds and locations of infection. The newborn infant has a relatively 
limited way of responding to infection, and symptoms are thus expressed 
in only a few ways. 


General Sepsis 


The clinical picture of this most important type of bacterial infection 
has been well described.*: * 1° Fever is present in only about half the 
patients, jaundice in about a third, gastrointestinal symptoms (poor 
feeding, vomiting and diarrhea) in a third, and respiratory signs (cyan- 
osis or dyspnea) in a quarter. A few infants, especially prematures, may 
show only weight loss, failure to gain weight or poor activity, and 
occasionally no symptoms are noted until sudden circulatory collapse 
and death occur. 


Meningitis 


Meningitis in the absence of a congenital neurologic defect is usually 
a sequel of generalized sepsis, occurring in about one quarter of patients 
so diagnosed. It frequently presents with no additional signs (Table 
8). Certainly specific neurologic findings are rare—even a bulging 
fontanel is observed in only about a third of such patients.* Neck 
stiffness is so rare as to be of no help. Convulsions are seen with or 
without meningitis. Thus in any patient suspected of general sepsis, a 
lumbar puncture should be performed. 


Pneumonia is common in newborns, but the etiologic agent responsible 
is difficult to isolate unless the involvement of the lung is part of a 
general infection. When affected, the lungs are more likely than other 
organ systems to be infected with staphylococci or Hemophilus influ- 
enzae.* The clinical picture of pneumonia in newborns is frequently 
more subtle than in older children, but diagnosis is made by the usual 
clinical and radiologic methods. Rapid breathing is often the first 
symptom. Cough, which is often associated with insignificant respiratory 


TABLE 8. Frequency of Signs and Symptoms 
GENERAL SEPSIs'* 4 NEONATAL MENINGITIS!° 





Ee eR ieee ary Beit 47 per cent 59 per cent 
Gastrointestinal symptoms.............. 30 per cent 55 per cent 
FIG he's 9 5 SETHE ODS OL ERS 29 per cent 31 per cent 
Cre sere re 24 per cent 31 per cent 
Respiratory symptoms................. 21 per cent 57 per cent 


eee eee Re 13 per cent 42 per cent 
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Fig. 5. Roentgenogram of 2-week-old infant with massive empyema on the left. Death 
occurred shortly after film was taken and before drainage could be done. Air bubbles in 
empyema furnish clue of staphylococcal etiology, confirmed by culture. (Reprinted by 
permission of the Journal of The American Medical Association. ) 


infections in older children, usually suggests pneumonia in the newborn 
infant. 

Staphylococcal pneumonia has appeared to be increasing in frequency 
in recent years and is usually due to only a certain few phage strains 
which may be more virulent, particularly the so-called hot strain 80/81. 
The symptoms of staphylococcal pneumonia are likely to appear only 
after the newborn has gone home from the hospital, but in most in- 
stances epidemiologic evidence indicates that the infection was acquired 
while he was in the hospital. The clinical picture is characteristic enough 
in a majority of the patients to make a specific etiologic diagnosis. ‘The 
findings of rapid onset of respiratory distress and cyanosis, association 
of skin infection, a high peripheral white blood cell count, and x-ray 
examination of the chest showing lobular ectasia, cysts, pneumothorax 
or empyema (Fig. 5) enable one to make a presumptive diagnosis of 
staphylococcal pneumonia with great certainty.® Indeed it is imperative 
to do so, for prompt institution of specific antimicrobial therapy, oxygen 
and surgical removal of pus and air under pressure should not await 
bacteriologic confirmation of the diagnosis. 

We prefer to start chemotherapy with a combination of chlor- 
amphenicol and erythromycin when such a clinical picture is seen. 
The antimicrobial treatment of the patient with pneumonia in whom 
this specific picture is not seen is similar to that described below under 
general treatment of infection in the newborn. In the absence of the 
findings on x-ray examination typical of staphylococcal pneumonia, 
if cultures of the nose or throat reveal a staphylococcus and the patient 
is progressing well, no change in chemotherapy is indicated, for it is 
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unlikely that the staphylococcus is the agent causing disease in the 
lungs. Unless a nasopharyngeal swab is taken after a cough, or tracheal 
aspiration of pus via a small tube is obtained, the usual nose and throat 
cultures are not too helpful in the etiologic diagnosis of pneumonia. 
Needle aspiration of the chest, in the absence of pus or a tension 
pneumothorax, is rarely justified to obtain culture material. Therefore 
one must frequently diagnose and select therapeutic agents for pneu- 
monia on the basis of clinical and x-ray evidence alone. 

In staphylococcal pneumonia combined medical and surgical man- 
agement is imperative in most instances. 


Omphalitis 


Omphalitis can certainly lead to spread of infection via the umbilical 
vein and be one of the portals of entry for generalized sepsis. It is 
difficult clinically to distinguish the significantly infected stump from 
the normal, however. Normal flora, acquired promptly, is likely respon- 
sible for the usual sloughing of the cord, and since the normal flora 
of the umbilical stump is the same as that causing generalized sepsis, 
it is of little aid to culture this area. Unless there is a great deal of pus 
and widespread erythema of the umbilical area, it cannot be clinically 
diagnosed as significantly infected. 


TREATMENT 


Untreated sepsis, with or without meningitis, is almost universally 
fatal. The number of patients seen with such infections at any one 
hospital is so small, however, that no well studied series of patients 
treated with different therapeutic regimens is available to indicate the 
best antimicrobial agent and dose. A presumptive clinical diagnosis 
of sepsis, with any of the syndromes mentioned above, warrants prompt 
initiation of intensive, broadly based chemotherapy, aimed at the most 
likely agents. When the specific etiologic agent is identified by cultures, 
this initial therapy may have to be altered, for many of the organisms 
responsible for these infections are resistant to the commonly used 
and relatively nontoxic drugs. Therefore no one regimen can be used 
for all such patients. The patients’ clinical response, results of precise 
bacteriologic studies, and antimicrobial sensitivities should all be used 
to determine optimal’ therapy. Obviously, a good clinical response in 
the presence of conflicting sensitivity data should not lead one to change 
therapy. 

In patients who exhibit symptoms within the first two weeks of 
life and have a history of abnormal pregnancy or delivery, the gram- 
negative bacilli are so likely the causative organism that it is imperative 














488 BACTERIAL INFECTIONS IN THE NEWBORN 
TABLE 9. Antimicrobial Drug Dose for Newborns and Premature Children 
ORAL INTRAMUSCULAR INTRAVENOUS 
PIs. 0 360 xe 50,000—100,000 10,000 u./Ib./day 10,000 u./lb./day in 
u./day in 4 doses in 4 doses 4 doses or continu- 
ous drip 
Streptomycin*...... 10-15 mg./lb./day 
in 2 or 3 doses 
Tetracycline ....... 5-10 mg./lb./day 3mg./lb./dayin 3 mg./lb./day 
in 4 doses 2 doses 1 mg./cc. in 2 doses 
Chloramphenicol*. .25 mg./Ib./day in 15-25 mg./lb./day 7-15 mg./lb./day in 
4 doses in 2 doses 2 doses 
Novobiocin* 
(Cathomycin) 
(Albamycin)..... 5 mg./lb./day in 4-7 mg./lb./day 4-7 mg./lb./day in 
4 doses in 2 doses 2 doses 
Ristocetin* 
(Spontin)........ 6 mg./lb./day in 2 
doses 
Vancomycin * 
(Vancocin)...... 6 mg./lb./day in 2 
doses 
Neomycin*........ 25 mg./Ib./day 2-4 mg./Ib./day in 
2 doses 
Kanamycin* 
(Kantrex)....... 25 mg./Ib./day 2-4 mg./Ib./day in 
2 doses 
Polymyxin*....... 0.5 mg./Ib./day in 
3 doses 
Bacitracin*........ 150-200 u./Ib./day 
* If renal output is reduced, decrease dose still further. Follow blood chemistries. 
Modified from C. H. Kempe. 
to treat for these. Streptomycin, a tetracycline or chloramphenicol are 
all widely used, and one cannot be more highly recommended than an- 
other. The author favors either streptomycin, usually combined with 





penicillin, or chloramphenicol or kanamycin alone. Dosage is listed in 
Table 9. Emphasis must be placed on the recent information showing 
that for newborns the dose of chloramphenicol must be kept below 50 
mg. per kilogram per 24 hours and for prematures below 25 mg. per 
kilogram per 24 hours.* Parenteral administration is advocated for most 
of these infants. 

It is evident that the frequency with which organisms resistant to 
these drugs are encountered—proteus, Ps. aeruginosa are examples— 
may necessitate therapy with potentially toxic agents such as polymyxin, 
kanamycin, neomycin or vancomycin. Only careful bacteriologic study 
can help one make this choice. The subject of antimicrobial therapy 
in the newborn infant is covered more thoroughly elsewhere in this 
volume (see p. 509). 

In addition to chemotherapy, careful management of fluid and elec- 
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trolyte balance with attention to adequate caloric intake is as important 
as in any disorder of newborns. Maintenance of blood volume and 
blood pressure by blood, plasma and/or norepinephrine is occasionally 
lifesaving. In spite of these therapeutic methods, mortality remains high, 
and if meningitis occurs, the risk of late sequelae in survivors is great. 
Many other late complications of neonatal infection are seen, such 
as portal and splenic vein thrombosis, liver abscess, osteomyelitis and 
retroperitoneal abscess. All patients surviving the acute stage must have 
continued follow-up in order to make an early diagnosis if such com- 
plications occur, and to initiate proper therapy. 


Prevention of Generalized Sepsis 


Although not within the scope of tliis paper, “prophylactic” administra- 
tion of antimicrobials has been suggested for children born after an 
abnormal pregnancy or who have evidence of inflammation of the cord 
or placenta. This is an attractive hypothesis, since early diagnosis is 
often difficult. Nevertheless the spectrum of organisms encountered is 
so wide that no one regimen with one or more drugs would be satis- 
factory against all possible organisms. In addition, studies on the use 
of prophylactic antibiotics for other situations have generally demon- 
strated the failure of this approach.'* 


Diarrhea in Newborns 


Diarrhea in newborns is a particularly dreaded illness because of its 
rapid course and epidemic nature. It may be caused by any of the 
bacterial or viral agents responsible for diarrhea in older children, but 
the specific bacterial causes seem most likely in newborns to result in 
epidemics with a high mortality. In addition to the salmonella group, 
it is now clear that certain serotypes of E. coli may cause severe diarrhea 
in the newborn. At least 10 different serologic types have been identified 
in individual epidemics, the most common being 055:B5, 0111:B4 
and 026:B6. There is also evidence that newborns may occasionally 
acquire diarrhea as a result of intestinal infections with other gram- 
negative bacteria that are generally considered nonpathogenic, such as 
proteus and pseudomonas. The important point is that the stools of 
newborns with diarrhea should always be cultured, and if E. coli is iso- 
lated, these should be typed, specific chemotherapy given and steps 
taken to prevent a nursery epidemic. 

The problem of the individual patient with diarrhea in the newborn 
ig not primarily the infecting bacterial agent, however. The newborn 
rapidly exhibits symptoms of poor feeding, lethargy, frequently vomiting 
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and fever in addition to the watery stools, and with his narrow margin 
of water and electrolyte balance may go into shock and die within a 
matter of hours. Therefore the immediate treatment of the individual 
neonate with diarrhea is aimed at maintaining his fluid balance. The 
theoretical and technical aspects of this are well outlined in standard 
pediatric textbooks.§ 

The use of antibacterial agents is generally not indicated in diarrhea 
until results of the stool culture are available. Children rarely die of 
the infection itself, but of the water and electrolyte imbalance that 
results. If one of the enteropathic E. coli is isolated, neomycin orally 
is the preferred antibiotic to eradicate this agent promptly and to 
prevent spread to other infants. Additional measures should be promptly 
taken to control or prevent an epidemic, such as culturing all personnel, 
closing the nursery to new admissions, adminstration of neomycin to 
the other infants in the nursery and culturing potential environmental 
contaminators such as humidifying bottles. 

In occasional patients in whom organisms such as proteus or pseudo- 
monas are isolated and the diarrhea fails to clear promptly on conserva- 
tive measures, neomycin may also be followed by improvement. Such 
improvement does not prove an etiologic role for these organisms, nor 
should this statement be construed as suggesting that routine admini- 
stration of antimicrobial agents is advocated for diarrhea. 


Neonatal Tetanus 


This disease is now rarely seen in newborns delivered under aseptic 
hospital standards. In many parts of the world, however, it still is a 
major cause of neonatal death. In Durban, South Africa,’ it was the 
second most common cause of death in the newborn period, accounting 
for over 14 per cent of all neonatal deaths. 

The cause in most cases can be traced to application of spore-contain- 
ing material to the umbilical stump. Such cultural practices as applying 
camel’s dung to the umbilical stump, as is done in Saudi Arabia, or 
other agents, in South Africa, undoubtedly are a major source of infec- 
tion, but often unsterile methods of cutting the umbilical cord or 
delivery in unhygienic homes is also responsible. 

The clinical features are distinctive if one thinks of this diagnosis. 
The face is pursed up, the limbs are partly flexed and stiff, and there 
is usually opisthotonos and stiffness of the abdominal muscles. Culture 
of umbilical stumps rarely reveals the organism. 

Therapy is at best unsatisfactory, with mortality rates in the newborn 
still in the 80 to 90 per cent range. 

All measures used in treating a patient of any age with tetanus 
apply, including prompt administration of antitetanus serum to neutra- 
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lize the toxin and of penicillin to kill the organisms which produce it. 
Death results usually from the results of toxin already fixed to myo- 
neural junctions. Therefore therapy should include sedation and main- 
tenance of an adequate airway. Curarization to the point of ‘paralysis, 
with intubation and artificial respiration, is favored by some as the 
most effective method of maintaining an adequate airway. Many pa- 
tients who survive the first few days of illness die of late pjilmonary 
infections and marasmus, and adequate nutrition therefore becomes a 
most important aspect of therapy the longer the patient survives. 

Prevention is the obvious answer to the problem of neonatal tetanus 
and seems best aimed at aseptic care of the umbilical cord at birth. 
When this is not possible for cultural or socio-economic reasons, some 
protection is offered the infant by actively immunizing the mother 
during the pregnancy. 


SUMMARY 


Bacterial infections in newborns are characterized by a paucity of 
specific signs and symptoms, and are frequently due to invasion and 
spread throughout the body of common, usually nonpathogenic gram- 
negative bacilli. In addition to specific diagnostic tests such as blood 
culture and spinal fluid examination, early diagnosis is aided by the 
knowledge that babies born of complicated pregnancies and deliveries, 
and whose umbilical cords show histologic evidence of inflammation, 
are more likely to be infected. 

When generalized bacterial infection is suspected, broadly based anti- 
microbial therapy should be instituted promptly once bacteriologic 
studies have been made, and then altered on the basis of the specific 
findings. Prevention lies in better obstetrical care, but to be truely 
effective must await. more knowledge of the pathogenesis of these in- 
fections. 

Special diagnostic and therapeutic problems exist with staphylococcal 
pneumonia, bacterial diarrheas and tetanus of the newborn that will 
alter these general principles of management. The clinical picture is 
usually distinctive enough in each instance to allow one to initiate 
appropriate therapy promptly. 
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Newborn infants respond to nonbacterial agents in a unique fashion 
characteristic only of this period of life. Recent laboratory investigations 
have contributed data which facilitate an understanding of the etiology, 
epidemiology and pathogenesis of several newer clinical syndromes 
caused by these agents. Current studies seek further knowledge of the 
mechanisms governing the altered susceptibility and resistance of the 
newborn to such infections. In this clinic we shall consider in some 
detail three viral, one fungal and one protozoan disease of particular 
interest to those who deal with children in their first month of life. 


TOXOPLASMOSIS 


In 1939 the first case of proved human infection with the protozoan 
Toxoplasma gondii was reported.® Brain and spinal cord of an infant 
ill with meningoencephalitis from the third day of life and succumbing 
on the thirty-first day were shown to harbor this organism. Since that 
time the development of laboratory techniques for the assessment of 
serum antibodies to this parasite and a resultant heightened interest 
in its clinical manifestations have disclosed a spectrum of disease in 
varying age groups. Since the initial clarification of the picture of 
congenital infection four other syndromes have been implicated in 
acquired human infection: (1) a febrile lymphadenopathy resembling 
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infectious mononucleosis, (2) a typhus-like exanthem accompanied 
by atypical pneumonia and myocarditis, (3) a pure meningoenceph- 
alitis, and (4) an isolated uveitis.* In addition, it is evident that many 
adults have had inapparent or unrecognized infection productive of 
an antibody response. Although many features of the epidemiology 
of toxoplasmosis have been elucidated, the key link of interest to 
physicians remains unsolved—the route of human transmission. 

The organism itself is found in two forms, an active crescenteric 
one which multiplies by binary fission, and an encysted stage which 
may be dormant. It has invasiveness for every body cell except the 
erythrocyte. After the initial invasion by active forms which proliferate 
intracellularly and disseminate in varying degrees and sites, the para- 
sites may then remain quiescent in certain host tissues in an encysted 
stage. Whether reactivation of these latter forms under altered en- 
vironmental host conditions is important in human disease is not 
known, though steroid treatment may reactivate such latent disease in 
the laboratory animal.* Man is only one of the many hosts found to 
harbor this ubiquitous parasite naturally and experimentally. The list 
includes the original gondi (a North African rodent), mouse, rat, mole, 
shrew, hedgehog, rabbit, guinea pig, hamster, squirrel, marmot, cat, 
dog, fox, chinchilla, monkey, baboon, chimpanzee, pig, cow, pigeon, 
duck, chicken and penguin. The suggestion of arthropod transmission 
from animal to man has been advanced because of the higher prevalence 
of toxoplasmosis in warm moist climates, but no substantiation has 
been forthcoming. Another theory attributing infection to the ingestion 
of meat containing encysted forms offers an explanation for transmis- 
sion in carnivores, but fails to account for infection in herbivores. 
Except for the congenital form, man-to-man infection has never been 
demonstrated. 

The pathology of congenital infection is particularly striking in both 
the brain and the eye. At autopsy most of the other involved viscera 
contain lesions in varying stages of regression. An excellent monograph 
by Frenkel and Friedlander® provides detailed description and - illus- 
tration of the histopathologic features. 

The clinical picture of congenital toxoplasmosis is apparent at birth 
or in the first weeks or months of life. (Positive evidence has not yet 
been presented to establish a causal relation between toxoplasma in- 
fection and spontaneous abortion or stillbirth, though retrospective 
statistical studies raise this distinct possibility.7? In a full-blown case a 
newborn may present in the first week of life with fever, jaundice, 
lymphadenopathy, hepatosplenomegaly, diffuse maculopapular rash, 
anemia, microphthalmia, seizures and a head circumference which is 
abnormally small or large. Careful ophthalmoscopic examination may 
then reveal patches of chorioretinitis. Skull films often show diffuse, 
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punctate intracranial calcifications. In a series of 141 cases discussed 
by Feldman* 26.5 per cent were associated with premature birth. The 
mortality rate in this group was nearly 3 times higher (20 per cent) 
than in affected full-term infants. The majority of these babies survive, 
but have an extremely high incidence of subsequent psychomotor re- 
tardation and convulsive disorders as well as chorioretinitis. Nearly 
half the survivors exhibit gross microcephaly or hydrocephaly. Those 
patients who do not show the features listed in the full-blown syndrome 
at birth may remain undetected until an unusual head circumference is 
apparent at three or four months of age or the onset of seizures occurs. 
Funduscopic examination and skull x-rays may then point to the 
diagnosis. 

Certain routine laboratory procedures are helpful in the immediate 
assessment of the infant while the more diagnostic ones may be post- 
poned for several weeks except in unusual circumstances. Among the 
readily available tests are the white blood cell count, which ranges from 
5000 to 15,000 and shows a differential with lymphocytosis, eosinophilia 
or a significant number of atypical lymphocytes. Lumbar puncture 
usually discloses a cerebrospinal fluid that is xanthochromic, contains 
up to several hundred cells, predominantly mononuclears, has an ele- 
vated protein level and a sugar level which is normal or depressed. 
Serum bilirubin determinations reveal an elevation in total bilirubin 
concentration with a significantly raised direct fraction. Intracranial 
calcifications may already be apparent in x-rays taken shortly after 
birth or may not appear until several weeks later. The more exact tests 
involve isolation of the parasite and serologic studies. Toxoplasma may 
be recovered from sedimented urine or cerebrospinal fluid or from 
whole blood inoculated into laboratory mice. Serologic confirmation 
is most readily obtained by the dye test? performed initially on both 
mother and infant and then repeated on the infant’s serum several 
months later to be certain the originally elevated infant titer was not 
merely the result of transplacental acquisition of previously existent 
maternal antibody. A complement-fixation test has been devised, but is 
less readily available. As with the dye test, a low titer at birth followed 
by a rise in subsequent specimens is again a good indicator of active 
infection. With either serologic test, therefore, it is necessary to examine 
paired serums to gain a proper interpretation. Antibodies passively 
acquired by the neonate in the absence of active infection will diminish 
or disappear completely over the first months of life. Those produced 
by the infant himself as a result of intrauterine infection will continue 
to, rise or remain unchanged over the same interval. After an active 
infection, dye test antibodies persist in high titer for years, and in de- 
tectable quantities for life. A hemagglutination test has recently been 
utilized which may offer data comparable to the dye test, but obviates 
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the use of live organisms.? The skin test is of little value in assessing 
the infection in newborns, since a positive reaction does not appear 
until 9 to 12 months after. 

The principal lesions in congenital toxoplasmosis have probably been 
present for at least several weeks before birth. Therefore attempts at 
therapy must be undertaken with the anticipation at most of preventing 
further damage. Based on their demonstrated efficacy in the treatment 
of experimental infection in laboratory animals, sulfadiazine and 
pyrimethamine are used in combination.* Recommended dosage of the 
former is 100 to 200 mg. per kilogram per day, and of the latter, 1 mg. 
per kilogram per day. On a rather arbitrary basis, one month’s therapy 
has been suggested. There are currently inadequate data to evaluate 
the efficacy of such treatment in man. Even the most vigorous thera- 
pists have withheld the use of steroids because of their known ability 
to cause exacerbation and dissemination of experimental toxoplasma 
infection in animals. 

In only a few isolated instances have symptomatic maternal infections 
preceded the delivery of an infant with congenital disease.2 In most 
cases fetal infection results from a chance primary infection which 
occurs in a nonimmune mother in the absence of overt symptoms. The 
parasitemia accompanying this primary maternal contact with the toxo- 
plasma may permit the establishment of placental foci! from which the 
protozoa then invade the fetal circulation. If an effective therapeutic 
agent were available and administered before seeding of the organism in 
the developing infant, the congenital disease might be prevented. From 
this concept of the pathogenesis of congenital infection one reassuring 
conclusion has been drawn which to date has been borne out by clinical 
data: a mother who has given birth to one infant with congenital 
toxoplasmosis need not fear a repetition of this tragedy in subsequent 
pregnancies, since she will thereafter remain immune to the organism. 


CANDIDIASIS 


Fungus infections of the newborn are rare except for the oral and 
cutaneous manifestations of candidiasis with which all pediatricians 
are familiar. A scattered number of cases of disease in infants due to 
coccidioidomycosis, torulosis (cryptococcosis) and disseminated histo- 
plasmosis have been reported, but the total number in babies under 
one month of age is less than a half dozen. In contrast, thrush and 
monilial dermatitis have been so widespread that some physicians have 
come to accept them as inevitable accompaniments of the first weeks of 
life. It is of considerable interest that the newborn represents a unique 
population group in which both the carrier rate and the conversion rate 
from carrier to infected person are higher than at any other time of life. 
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Beyond the neonatal period, similarly elevated carrier and conversion 
rates are associated with specific situations such as nutritional disorders, 
use of antibiotic and steroid therapy, diabetes mellitus, neoplasia and 
debilitation.17 

To date, attempts to elicit the factors responsible for the predisposi- 
tion of the newborn to candida infections have been unrevealing. A 
recent study of 2175 newborns showed no correlation with birth weight 
or prematurity, prolonged labor, difficult delivery, birth trauma, resusci- 
tation techniques, breast feeding, antibiotic therapy or poor nutrition.?® 
The one consistently demonstrated relationship has been that between 
vaginal candidiasis of the mother and the colonization and infection of 
her infant. The fungus has been cultured from the vagina of approxi- 
mately 40 per cent of pregnant women, in both the presence and ab- 
sence of clinical lesions. One study reported the calculated frequency 
of neonatal thrush to be 35 times greater in the offspring of such 
mothers than in the general nursery population.?° Such epidemiologic 
evidence has strengthened the assumption that ingestion of the ar- 
ganism by the infant during his passage through the maternal birth 
canal is the commonest primary source of infection. This is further 
corroborated by the absence of thrush in infants delivered by cesarean 
section. 

Although serial mouth cultures may reveal the presence of candida 
within three or four days after birth, it is rare for clinical thrush to 
appear before six to eight days of life. Thus in maternity units like our 
own (B.1.H.) where the majority of mothers are discharged home with 
their babies on the fifth postpartum day, one rarely sees oral candidiasis 
in the nurseries. Nevertheless the institution of a reporting system via 
postcards which mothers return to the Pediatric Service when the infant 
has attained age one month has corrected our mistaken impression that 
thrush was nonexistent. Familiar to all is the characteristic picture of 
white, elevated patches of coalescent foci on tongue, buccal mucosa 
and gingiva. These are tenacious and resistant to scraping with a tongue 
blade, a point of aid in differentiation from retained or regurgitated 
curds in the milk-fed baby. Kozinn et al.15 have emphasized even 
earlier features in some cases consisting of tiny papules progressing 
subsequently to vesicles which then enlarge and coalesce to produce 
the common lesions. Maceration of the anal mucosa and perianal skin 
with subsequent rapid spread to the adjacent diaper area heralds the 
onset of cutaneous involvement.'* Again the evolution from papule to 
vesicle to patches of denuded epithelium gives rise to the classic picture 
of spreading lesions with raised, white scaling borders surrounding a 
reddened center. These may involve the anal mucosa, perianal skin, 
groins, gluteal folds, thighs and superanal cleft, sometimes spreading 
even further to the axillae and folds of the neck. Direct examination of 
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smears stained with methylene blue or culture on Sabouraud’s medium 
of scrapings from the suspect lesions provides diagnostic confirmation. 

Complications are uncommon, and there is disagreement regarding 
their occurrence. A severe esophagitis seemingly due to extension of 
oral candidiasis has been reported by several authors.’® 1° Anorexia, 
dysphagia, refusal to swallow, regurgitation and vomiting are the ac- 
companying symptoms. Several cases terminated in death due to 
aspiration pneumonia. Winter'® doubts the existence of a single proved 
case of pneumonia due to candida in infancy, although several authors 
have suggested that this occurs.1 1 

Both oral and cutaneous lesions in the infant are self-limited and 
will subside within a few days or weeks. The common practice, however, 
is to treat such infants in hopes of shortening the course somewhat and 
perhaps to convince their parents that some positive measure has been 
taken. In addition, a rare baby may be irritable or experience difficulty 
in feeding, though most are asymptomatic. Many pediatricians pre- 
scribe local applications of 1 per cent aqueous gentian violet, hydrogen 
peroxide, sodium borate in glycerin or other mild antiseptic solutions. 
More recently attention has been directed to the antifungal agent 
nystatin,'? which shows good activity in vitro against C. albicans. 
Oral ingestion or topical application, or both, must be used, since the 
drug is poorly absorbed from the gastrointestinal tract and has its best 
effect when in direct contact with the organism. Since lesions in the 
diaper area probably originate from fecal excretion of candida, the 
gastrointestinal tract must be treated in addition to the skin itself in 
those cases with rash. A lyophilized aqueous suspension is available for 
oral use, and an ointment for topical application. Though lesions may 
clear with one week or less of treatment, it is recommended that 
therapy be continued for several days thereafter to decrease the number 
of recurrences that arise from surviving organisms. Obviously the best 
therapy would be prevention of infant infections by the screening and 
treatment of antepartum mothers with vaginal candidiasis. This must 
remain primarily the responsibility of the obstetricians, though stimu- 
lation by their pediatric colleagues may be of value. 


GENERALIZED COXSACKIE B INFECTION 


Since Dalldorf and Sickles?! reported their isolation of the first Cox- 
sackie viruses in 1947, 29 agents with similar physical and biologic 
properties have been identified and classified under this name. On the 
basis of their histopathology in the suckling mouse they have been 
divided into groups A and B; the group A viruses produce widespread 
myositis; those of group B give rise to discrete muscle lesions, fat pad 
necrosis, scattered central nervous system lesions and, with some 
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strains, myocardial, pancreatic and hepatic involvement. These dis- 
tinctions of mougig pathology are of more than taxonomic interest, 
since the pathology induced by certain of these agents in the human 
newborn is analogous to that found in the newborn mouse. 

With the correlation of clinical and virologic studies, etiologic re- 
lations have been established between various Coxsackie viruses and 
certain disease states. ‘The group B agents have been recovered from 
the oropharynx and feces of healthy persons. In addition, they have 
been detected in stool, cerebrospinal fluid, blood or various tissues 
from patients with pleurodynia, aseptic meningitis, myocarditis, peri- 
carditis, undifferentiated febrile illness and occasionally from paralytic 
disease resembling poliomyelitis.” 

In older persons Coxsackie B infection usually results in a benign, 
self-limited illness. In newborns it may be manifested by a severe, fre- 
quently fatal, disease characterized by myocarditis along with involve- 
ment of other organs. Four of the six Coxsackie B group viruses (B2, 
3, 4 and 5) have been associated with this illness to date. A total of 
54 cases of Coxsackie B infection in the newborn period is available 
from the literature or personal knowledge to form the basis of the 
following discussion.?* *4 

Nine infants had only a minor illness or aseptic meningitis, from 
which all recovered uneventfully. Of the remaining 45, only 12 survived 
their illness, which was more generalized and associated with involve- 
ment of the myocardium. Among these 45 the illness was characterized 
by abrupt onset and a rapid course terminating within a few days in 
collapse and death, or occasionally followed by recovery over a one- to 
two-week period. Table 10 presents a review of the symptomatology in 
this group with myocarditis. In one third of the cases the course 
was biphasic. Listlessness, feeding difficulty (anorexia and occasional 
vomiting) and frequently fever were the initial features noted. Tachy- 
cardia, transitory systolic murmurs, cardiomegaly, respiratory distress, 
cyanosis and signs of congestive heart failure were common, as were 
electrocardiographic changes suggestive of myocarditis. Central nervous 
system signs were noted in less than one third of the cases, but in 9 of 
11 babies whose cerebrospinal fluid was examined a pleocytosis was 
found. This finding acquires special interest in view of the postmortem 
findings, which are summarized in Table 11. 

All the 29 infants who came to autopsy showed an acute focal myo- 
carditis. In addition, other organs were frequently affected, especially 
the central nervous system and its membranous coverings, liver, pan- 
creas and adrenals. General visceral congestion, notable particularly 
in liver, lung and spleen, corroborated the clinical impression of 
terminal congestive heart failure. Again the similarity of these diffuse 
pathologic alterations to those described in suckling mice infected with 
these agents is striking. 
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TABLE 10. Symptomatology in 45 Cases of Neonatal Coxsackie B Infection Char- 
acterized by Myocarditis 





Feeding difficulty................... 31/37* (84%) 
BE a UL. os. ereirPds 29/36 (81%) 
oo. sd wii ai ik Hvedierater <u 30/37 (81%) 
Respiratory distress.................. 24/32 (75%) 
EES eine FE vices one ele sc . .26/36 (72%) 
REEL 2 os FB. Seeds Ck SD 25/37 (70%) 
Pharyngitis. .... Sole ease a A «en (64%) 
Hepatosplenomegaly ERS 19/36 (53%) 
Biphasic course............. ..14/40 (35%) 
Central nervous system signs......... 11/41 (27%) 
tein Soro de aitrn gike Biers wis aru tt 5/40 (13%) 
RS oor a oe snug hate tt sue 3s ae (13%) 
DIL c Pak ee Se ote Ook ea ef 3/40 ( 8%) 





*Numerator = number exhibiting this feature. 
Denominator = number examined. 


TABLE 1]. Pathologic Findings in 29 Fatal Cases of Neonatal Coxsackie B Virus 





Infection 
Myocarditis, focal . ‘ear pete et yihe . .29/29* 100% 
Menin goencephalitis, focal . Riedie au 19/25 76% 
Hepatic necrosis or hepatitis. ; ad ....10/23 43% 
II SB 56 cnt. sre-a9 30 . 7/17 41% 
Adrenal cortical 2 necrosis or infiltration . - ... 3/19 16% 





*Numerator = number exhibiting this feature. 
Denominator = number examined. 


Virologic studies demonstrated Coxsackie B viruses in feces, cerebro- 
spinal fluid, brain, spinal cord, liver and myocardium of various patients 
in this group. In only a few survivors were paired serum specimens 
available from which to assess antibody response, but in three such 
cases evidence was obtained of satisfactory immunologic response to 
the infecting virus. Twenty-eight of the 54 patients in this series be- 
came infected in nursery outbreaks stemming in nearly every instance 
from a maternal infection. Fifteen of the remaining 26 patients repre- 
sented sporadic cases in all but one of whom there was a history of 
an immediately preceding febrile illness of the mother. Six such mothers 
had either virologic or serologic confirmation of recent Coxsackie B 
infection. Although the majority of infant infections seem to have been 
acquired postnatally, there is convincing evidence of onset in utero 
in 5 of the 54 babies. Thus both the obstetrician and the pediatrician 
must be alert to the possibility of infection in the neonate of any 
mother presenting shortly before or after birth with a febrile illness 
typical of the spectrum of Coxsackie B disease. A history of similar 
illness in other family members may also presage impending maternal 
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illness with subsequent infection of her newborn. In a number of the 
reported cases, older siblings have shown positive fecal specimens fol- 
lowed by antibody rises indicative of a family outbreak. 

In the face of such an overwhelming disease it is disheartening to 
assess available therapy. Aside from general supportive measures— 
oxygen for respiratory distress, parenteral fluids for dehydration and 
digitalis for congesive heart failure—no specific measures have proved 
of value. Antibiotics, liberally administered in many cases and in many 
combinations, are of no efficacy in such viral infection except, perhaps, 
for secondary bacterial complications, which have not been a problem 
in this series. Gamma globulin, some pools of which may contain anti- 
bodies to certain of the Coxsackie agents, has been administered in 
large and repeated doses** without appreciably altering the outcome. 
A proper evaluation of steroid therapy has not been possible as yet, 
though some workers have been encouraged by only 2 patients** who 
survived after treatment with cortisone. Since the infected infant 
excretes large quantities of virus in the stool and may also have positive 
pharyngeal cultures, it is essential that he be removed from the regular 
nursery as soon as the diagnosis is suspected in order to avoid spread 
to other, well babies. For similar reasons his mother should not be 
permitted to maintain contact with other newborns or their mothers. 


DISSEMINATED HERPES SIMPLEX INFECTION 


Herpes simplex virus is one of the most ubiquitous agents known to 
infect man. The majority of primary encounters with this virus result 
in an inapparent, asymptomatic infection. A few persons may have 
gingivostomatitis, vulvovaginitis, keratoconjunctivitis, aseptic meningitis 
or encephalitis. Nevertheless, like the Coxsackie B and human salivary 
gland viruses, herpes simplex can produce a severe and generalized 
disease in the newborn. Assay of serum neutralizing antibodies demon- 
strates that 60 to 90 per cent of adults show evidence of previous infec- 
tion by this agent.?* Cord blood titers are nearly identical with maternal 
levels. By the childbearing age only a small group of susceptible mothers 
remains who may give birth to infants lacking transplacental immunity 
to the virus. Should such a nonimmune mother acquire herpetic 
infection in the perinatal period, she may then transmit the agent to 
her unprotected offspring during or after delivery. Such a susceptible 
newborn is, of course, also prey to infection by virus shed from nursery 
personnel who may have an active herpetic lesion. To date, we know 
of no documented case of intrauterine infection with this agent. 
Pathologic examination of infants who have succumbed reveals 
widely disseminated, focal necrotic lesions of many viscera, particularly 
liver, spleen, brain, lungs, kidneys and adrenals. Microscopically, the 
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typical type A intranuclear inclusion bodies are found within cells ad- 
jacent to the areas of necrosis. The responsible virus has been recovered 
from vesicles, various viscera and blood of babies so affected.?® *: *8 

The clinical picture is that of a previously well baby who usually be- 
comes ill on the fourth to seventh days of life, at which time vesicular 
lesions may be detected on his skin or buccal mucosa. The onset may 
also be characterized by conjunctivitis. Constitutional symptoms follow 
rapidly thereafter: fever or hypothermia, poor feeding, vomiting and 
lethargy. Physical examination may then disclose, in addition, jaundice, 
hepatomegaly, occasional splenomegaly, and bleeding manifestations. 
Vesicular lesions and edema of the larynx and trachea may cause 
definite inspiratory stridor. Those babies with petechiae and oozing 
vena puncture sites have prolonged prothrombin times or thrombocyto- 
penia, presumably caused by the common hepatic and bone marrow 
involvement. Chest x-rays have demonstrated diffuse mottling or 
occasional consolidations. Convulsions or opisthotonos has occurred in 
some patients. A rapid demise is heralded by the appearance of res- 
piratory distress, dyspnea, cyanosis and shock. In one series of 23 cases 
there were but 2 survivors.*® Reported recoveries have been accompanied 
by severe central nervous system sequelae.?*: *° 

When the diagnosis is suspected, a careful search must be undertaken 
to disclose the source of infection. Examination of the mother may 
reveal oral or genital herpetic lesions. If there is no obvious maternal 
disease, nursery personnel should be screened for any manifestations of 
active herpes simplex foci. The virus is readily and rapidly cultured from 
suspect material inoculated into cultures of appropriate tissues or onto 
the chorioallantoic membrane of the fertile hen’s egg. The presence of 
multinucleated giant cells in stained smears prepared from scrapings 
of the base of vesicular lesions is characteristic of this disorder.*® 
Standard assays of neutralizing and complement-fixing antibodies in 
paired serums confirm a suspected diagnosis. 

Treatment to date has consisted of measures to combat individual 
manifestations of the disease. Fresh blood transfusions and vitamin 
K, oxide may overcome the thrombocytopenia, hypoprothrombinemia 
and other coagulation defects not yet assayed in this disorder. Liberal 
use of antibiotics has been justified in some cases in which bacterial 
sepsis could not immediately be excluded. No beneficial effect has 
been claimed therefrom, nor would it be expected, since the virus 
thrives (in vitro) on exposure to concentrations of antibiotics greater 
than those attainable in vivo. Tracheotomy in one case”* seemed of 
value in overcoming the upper airway obstruction caused by severe 
laryngeal involvement. Judicial administration of parenteral fluids and 
use of oxygen have definite roles as indicated by the clinical picture in 
individual patients. Gamma globulin has been given in some of the 
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reported cases, but without sufficient numbers or data to permit an 
evaluation of its efficacy. As most plasma pools do not have high titers 
of neutralizing antibody against herpes simplex virus, large amounts of 
globulin would have to be injected to provide the infant with demon- 
strable circulating antibody. Since the visceral dissemination of virus 
occurs via the bloodstream, one might hope that administration of 
large doses of gamma globulin to a newborn immediately upon recogni- 
tion of the characteristic vesicular lesions might prevent or diminish 
viremia and subsequent organ involvement. It is not known at present 
whether the temporal or pathogenetic mechanisms of the human dis- 
ease justify this hope. In the absence of any more definitive therapy, 
trial of such a program seems justified. 


CYTOMEGALIC INCLUSION DISEASE 


Since 1904 pathologists and pediatricians have reported cases of an 
unusual disease of infancy characterized by enlarged cells containing 
intranuclear and occasionally cytoplasmic inclusion bodies in various 
organs. Many reports and reviews appeared with detailed descriptions of 
both autopsy material and clinical cases,** *#° but it was not until 1956 
that the etiologic agent was discovered, when a number of related 
viruses were recovered from patients with this disease** ** as well as 
from asymptomatic persons.*! These agents have been called human 
salivary gland viruses, cytomegalic inclusion disease viruses or cyto- 
megaloviruses. They have been isolated from urine, throat swabs, sali- 
vary glands, liver and kidney. With the availability of laboratory studies 
it has now become possible to define this disease more exactly, to search 
for its spectrum of clinical manifestations and to probe its epidemiology. 

A number of clinical syndromes, varying with the age at which in- 
fection was acquired, have been attributed to these agents. In the new- 
born, whom we shall subsequently discuss in further detail, the picture 
is that of a fulminating disseminated disease resembling severe erythro- 
blastosis fetalis or congenital toxoplasmosis. Older infants have a form 
more often characterized by involvement of the respiratory and gastro- 
intestinal tracts with interstitial pneumonitis and gastroenteritis. Most 
persons probably acquire infection with no demonstrable illness or with 
some minor symptomatology as yet undefined. A small number of 
children and adults with various debilitating conditions show at 
autopsy typical inclusions which may represent an intercurrent infection 
with these viruses or possibly a reactivation of latent infection with 
these same agents. Serologic surveys reveal an increasing incidence of 
aritibody with age, suggesting the common occurrence of subclinical 
infection beginning early in life. These agents have never been re- 
covered from a healthy newborn, so that infection at this critical age 
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TABLE 12. Common Clinical Features in Cytomegalic Inclusion Disease* 





3.2 ~-°. game ad Tene Peak wines nits tp 12/12f 
Jaundice. . we : eters 
Microcephaly . . ue sj. Gt eee 
Petechiae....... ; ‘ IT A Os, 5/12 
Chorioretinitis........ ~ Oh ar AY 4/12 
Intracranial calcifications................. 3/12 





*From data of Weller et al.“ 
tNumerator = number exhibiting this feature. 
Denominator = number examined. 


is not known to take place without illness. Beyond the neonatal period, 
however, asymptomatic nursery children as young as seven months have 
harbored virus in both throat swabs and urine.** This further suggests 
the frequency of occult infection with these agents in childhood. 
Current thought favors the concept that a primary maternal infection 
with no significant illness of the mother results in intrauterine infec- 
tion of the developing fetus. 

Many infants with cytomegalic inclusion disease have been born 
prematurely or have birth weights in the premature range. Signs of the 
illness are present at birth or shortly thereafter. Table 12 lists the 
clinical features recorded by Weller* in 12 infants in whom the 
diagnosis was confirmed by both repeated viral isolations and serologic 
studies. Hepatosplenomegaly, which has been present uniformly, has 
persisted in some cases for months. Jaundice, noted in the first 24 hours 
of life, may frequently mask an accompanying pallor. In addition to 
petechiae, mentioned in Weller’s discussion, others have reported 
ecchymoses and generalized purpura.** Microcephaly and chorioretinitis 
may already be significant at birth or may not become apparent until a 
number of months have passed. Respiratory distress, cyanosis, central 
nervous system depression and convulsions often appear in the most 
severe cases. 

Death occurs within a few hours or days after onset. The disease was 
formerly considered uniformly fatal, since all available information 
was drawn from postmortem studies. More recent information based 
on virus isolations and urine examinations has shown the fallacy of this 
deduction. Of Weller’s 12 cases, 11 patients survived their initial 
illness. 

Readily available laboratory studies are of great importance in dif- 
ferentiating newborns with this syndrome from those severely ill with 
hemolytic disease of the newborn. In this regard, a negative Coombs’ 
test and blood group studies demonstrating no incompatibility are of 
great value. The baby with cytomegalic inclusion disease also has pro- 
gressive anemia, moderate leukocytosis, pronounced thrombocytopenia 
and a hyperbilirubinemia of the obstructive type with an elevated direct 
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fraction. Cerebrospinal fluid, when examined, has shown xanthochromia 
with an elevated protein level and a prediminantly mononuclear pleo- 
cytosis. Skull films may reveal extensive periventricular calcifications 
(contrasting with the diffuse punctate pattern seen in toxoplasmosis). 
In 1952 Fetterman* first described the inclusion-bearing cells found in 
the urine of infants with this disease. The search for such cells has 
stimulated the quest for new cases, but has been misleading when the 
criteria were improperly applied. Fresh urine must be examined for 
intranuclear inclusions. The presence of cytoplasmic inclusions is not 
of known diagnostic significance. Treating the urinary sediment with 
Giemsa or a similar stain facilitates the examination. The absence of 
cells containing inclusion bodies within their nuclei does not, however, 
tule out the diagnosis. Hanshaw** was able to find such cells in the 
urines of only 50 per cent of neonatal cases with proved viruria. The 
most reliable diagnostic test is direct isolation of virus from the urine, 
but the number of laboratories at present working with this group of 
agents in tissue culture is limited. A fresh specimen properly iced can 
be shipped long distances if prior arrangements are made for its receipt. 
Technical difficulties associated with propagation of the virus in vitro 
have restricted the availability of serologic tests indicative of infection 
with this agent. A fascinating feature of such infections has been the 
persistence of viruria for several years in the presence of serum anti- 
bodies.** It is possible, therefore, to delay testing of the urine for virus 
until proper arrangements have been made. 

Pathologic studies reveal the characteristic large inclusion-bearing 
cells in many organs. Liver, lung, kidney and brain are most commonly 
affected, though almost every organ has been involved in various cases.*® 
Extensive extramedullary hematopoiesis, most prominent in the liver 
and spleen, is a frequently noted feature. Central nervous system in- 
volvement is characterized by a granulomatous, necrotizing, perivascular 
meningoencephalitis. This is most often found in the periventricular 
matrix of the lateral ventricles with the resultant calcification pattern 
found on skull x-rays. 

No specific therapy has been discovered. Supportive measures, as 
clinically indicated, must constitute the basis of our present approach. 
These include transfusion of fresh whole blood for bleeding phenomena, 
anticonvulsants for seizures, and parenteral hydration when necessary. 
Antibiotics can be justified only on the basis of secondary bacterial 
infection or by the inability to establish an initial diagnosis excluding 
bacterial sepsis. As in so many ailments with a poor prognosis and no 
specific therapy, corticosteroids have been administered, but there is no 
evidence of their efficacy. Pooled gamma globulin contains antibodies 
to these agents, but again no evaluation of its therapeutic value is 
available. 
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At present, prognosis is uncertain, but perhaps is not so grim as was 
originally thought prior to successful virologic investigations. Weller 
has stated that 2 of his 11 surviving patients are now over 3¥2 years of 
age with only minimal motor and mental malfunction. Survivors with 
varying degrees of neurologic involvement ranging from minimal to 
severe have been described by McElfresh** and Birdsong.** A definite 
statement of prognosis must await further epidemiologic data and 
long-term follow-up studies. Until recently we felt confident in reas- 
suring mothers who had given birth to affected infants that a recur- 
rence in subsequent pregnancies was not possible. There is no docu- 
mented report known to us of a mother delivering a second diseased 
child. Nevertheless Weller’s recent data*® showing the antigenic heter- 
ogeneity of several strains of the virus must impose a degree of caution 
on such optimism until further clarification is available. 


CONCLUDING REMARKS 


The particular nonbacterial infections discussed in this clinic were 
selected because of the unique way in which they manifest themselves 
in the newborn. Many other agents, both viral and protozoan, cause 
neonatal disease, but rarely with clinical features that differ so strikingly 
from those observed when infection occurs at other ages. The reasons 
for the altered manifestations of illness due to the organisms considered 
herein are uncertain at present. Further information about the me- 
tabolism of the infecting organisms and increased understanding of 
the processes involved in maturation of the human host may combine 
to provide future solutions of these perplexing problems. 
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ANTIMICROBIAL THERAPY 
IN THE NEONATAL PERIOD 


HEINZ F. EICHENWALD, M.D. 
HENRY R. SHINEFIELD, M.D. 


Wie nur den Kopf nicht alle Hoffnung schwindet, 

Der immerfort an schalem Zeuge klebt, 

Mit gierger Hand nach Schaetzen graebt, 

Und froh ist, wenn er Regenwuermer findet! 
Goethe: Faust, Part I. 


There is little reason to believe that the interaction between an anti- 
microbial agent and a bacterium differs in vivo from that observed in 
vitro. Unfortunately, however, drug-microbe relations are far more 
complex within the body than in the usual system in vitro.1* One 
group of the host’s physiologic mechanisms determines the rate of de- 
struction, inactivation and excretion of the drug, while another may 
inhibit or destroy the activity of the microbe. The host defense mechan- 
ism itself may serve to enhance and at other times to inhibit the effect 
of the drug. Thus, in the chemotherapy of infection, three separate and 
distinct entities must be considered: the host, the microbe and the 
drug. Most published studies on the effect of one or another chemo- 
therapeutic agent deal only with the latter two corners of this triangle, 
the drug and the microbe, since the patient is considered to be more 
or less “standard”: the “average 70 kilogram adult.” 
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One period during the life span in which an individual differs most 
obviously from his adult counterpart occurs, of course, during early 
infancy, when many of the physiologic mechanisms are of a type or 
rate unique for the age, and are constantly changing as the infant 
adapts himself to independent existence. Unfortunately, this fact is not 
usually considered in the selection of antimicrobial agents, except when 
some unfortunate incident proves that a drug relatively innocuous to 
an older age group may have high toxicity in the infant. Conversely, 
some agents are harmless to the baby, but damaging to the adult. 
Furthermore, a drug which proves reasonably effective in treating adults 
may fail to be equally successful in infants and perhaps vice versa. 

Basically, the selection of suitable antimicrobial therapy is dependent 
not only on the availability of adequate and reliable bacteriologic di- 
agnostic facilities, but also on the physician’s ability to interpret intel- 
ligently laboratory results obtained, the needs of the patient, and the 
risks of therapy. 

In the present communication we will discuss individually those 
chemotherapeutic agents in present use. Limitations of space prevent 
presentation of the factors which determine efficacy, toxicity, or the 
emergence of microbial resistance. Such topics as the rationale and 
limitation of combined therapy with two or more antimicrobial agents 
have been adequately discussed by others.’® 1° 


BACITRACIN 


This drug is active against all gram-positive cocci, gram-positive bacilli, 
clostridia, and strains of Hemophilus influenzae type B. Resistance to 
bacitracin does not emerge rapidly in originally susceptible strains of 
bacteria, but resistant strains are occasionally encountered among species 
generally considered susceptible.® 

Bacitracin is readily and rapidly absorbed after intramuscular injec- 
tion; peak blood levels are achieved in 2 to 4 hours and, in infants, 
decline gradually over a 4- to 8-hour period, so that activity is often 
still detectable in the serum 10 to 12 hours after an injection. The 
drug is not absorbed from the intestinal tract, and subcutaneous injec- 
tion is followed by signs of tissue irritation. 

The drug rapidly reaches many tissue and body fluids, but concen- 
trations in the brain and spinal fluid remain low. Intrathecal injection 
of bacitracin may therefore prove necessary in the treatment of staphy- 
lococcal meningitis. 

The outstanding undesirable side effect in adults is nephrotoxicity, 
which is directly related to the total daily dose. Bacitracin appears to 
act both on the glomerular and tubular cell: toxicity is manifested by 
proteinuria, hematuria and glycosuria, as well as by an increase in 
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nitrogen retention and a measurable depression of all types of renal 
function. 

In infants bacitracin has proved to be relatively safe when admin- 
istered in proper dosage and for periods not in excess of 10 to 12 days. 
We have treated nearly 100 infants with severe staphylococcal disease, 
and it has not proved necessary to discontinue the drug in a single 
instance.!* Renal function studies, including clearance tests, have in- 
dicated variable trends during therapy, and it has proved difficult to 
separate the toxic action of bacitracin from the effect of the infection 
itself. 

The most satisfactory daily dosage for a full-term infant is 1000 units 
per kilogram per day, administered either at 12- or 8-hour intervals by 
deep intramuscular injection; in infants weighing less than 2500 gm. 
this dose is reduced to 900 units per kilogram per day. After a week 
to 12 days of therapy another suitable drug is substituted if further 
treatment is indicated. A few infants who respond poorly to the dis- 
continuation of bacitracin therapy may usually safely be given an addi- 
tional week’s course of this drug. 

The only indication for the use of systemically administered bacitra- 
cin is staphylococcal disease caused by organisms resistant to penicillin. 
Almost all strains of this bacterium are susceptible to bacitracin. In 
our experience with infants this drug is superior in effectiveness against 
the staphylococcus to all other antimicrobial agents except penicillin. 
At present, therefore, it is our policy to treat all severe systemic infec- 
tions caused by penicillin-resistant staphylococci with bacitracin. 

From a practical standpoint, it should be noted that solutions of 
bacitracin are often unstable at refrigerator temperatures, and as the 
drug deteriorates, toxicity increases. It is necessary, therefore, to store 
the diluted material at 4° C. and to discard the ampule within 2 days 
after the diluent has been added. 


CHLORAMPHENICOL (CHLOROMYCETIN) 


This antimicrobial agent has therapeutic efficacy against a variety of 
gram-negative and gram-positive bacteria, as well as rickettsiae and 
certain large viruses. Susceptibility tests in vitro indicate that most 
gram-positive and many gram-negative bacteria are sensitive to its action, 
the most notable exceptions being the pseudomonas, achromobacter 
and proteus groups. Among any given species, however, some strains 
are resistant, while others are susceptible: approximately 75 per cent 
of Escherichia coli strains are inhibited by concentrations of less than 
25 micrograms per milliliter, but the remaining 25 per cent are affected 
only by higher concentrations and may prove to be very resistant.?* 

Chloramphenicol is a stable substance and is readily and rapidly 
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absorbed from the upper portion of the gastrointestinal tract. The 
relatively small size of its molecule permits easy diffusion into tissue 
and body fluids. Of practical importance is the ease with which it 
enters the spinal fluid, even in the absence of meningeal inflammation. 

It is therefore not surprising that chloramphenicol enjoyed wide- 
spread use by physicians and particularly by pediatricians, who fre- 
quently chose to use this drug in preference to others. This choice was 
often based on the ease of administration of the liquid suspension and 
of the intramuscular preparation. 

Reports of hematologic disturbances, consisting primarily of bone 
marrow depression, dampened this enthusiasm somewhat, but in recent 
years the drug appears to have again become the practitioner’s favorite 
“all-round antibiotic,” a status for which there is little rational basis. 

Chloramphenicol has been widely used among newborn and young 
infants as prophylactic treatment against infection, in some cases with 
disastrous results.§: 1° In 1959 the first of a series of reports’* appeared 
indicating that the administration of large doses of chloramphenicol 
in young infants was often associated with a type of cardiovascular 
collapse, a new clinical entity called the “gray syndrome.” These re- 
ports confirmed what had been suspected on the basis of the clinical 
observation that newborn infants receiving chloramphenicol often do 
very poorly, worse than could be expected on the basis of their under- 
lying disease. At The New York Hospital this antibiotic has not been 
used since 1955 in the treatment of babies less than 2 months of age. 

The toxicity of chloramphenicol in infants is apparently directly 
related to a deficiency in the host’s glucuronic acid-conjugating capacity 
and the reduced rate of renal clearance.*! Unusually high and prolonged 
blood levels of drug are therefore obtained, sufficient to produce ob- 
servable toxicity. It has been stated that these side effects can be avoided 
by lowering the dosage in infants less than one month of age to 50 
mg. per kilogram per day or to 25 mg. per kilogram per day in pre- 
mature infants and in babies less than one week of age.*! Since, how- 
ever, in some infants even this dose proves excessive, it is also recom- 
mended that chloramphenicol blood level determinations be performed 
in infants who have received the drug for longer than three or four 
days.?! Blood level determinations are not generally available, and other 
antibiotics can be given with at least equal success and greater safety 
in infants for infections for which chloramphenicol is often used. 

Chloramphenicol has been used widely in the treatment of staphy- 
lococcal disease of infancy because, on the basis of antimicrobial 
susceptibility tests, many strains of this organism appear susceptible. 
As Woodward and others pointed out, the drug, when used against 
illness produced by staphylococci, often produces irregular and disap- 
pointing results.” 2 This is in accordance with our own observations, 











HEINZ F. EICHENWALD, HENRY R. SHINEFIELD 513 


and we do not use chloramphenicol in the treatment of staphylococcal 
disease, preferring bacitracin for the severely ill, or erythromycin or 
novobiocin for the more mildly affected infants. 

In those few instances when it is decided to use this medication 
in young infants, several routes of administration are available. The 
sodium succinate ester, when given intramuscularly, produces high blood 
levels within a few hours, indicating rapid absorption, although the 
rate of hydrolysis with formation of the free chloramphenicol in new- 
born infants remains unknown. An oral route is usually preferred. The 
available commercial preparation is a palmitate ester. This material re- 
quires hydrolysis by enzymes of the intestinal tract, and even with the 
improved preparations presently marketed the blood levels achieved 
in young infants are sometimes erratic. A satisfactory oral preparation 
which avoids this difficulty and has proved acceptable to infants may 
be produced by suspending a measured amount of chloramphenicol 
powder in syrup or honey. 


ERYTHROMYCIN (ERYTHROCIN, ILOSONE) 


Erythromycin is an antibiotic whose spectrum of action resembles that 
of penicillin. It is most active against gram-positive cocci, but also in- 
hibits such bacteria as neisseria, hemophilus and diphtheria. The gram- 
negative enteric bacteria are highly resistant to it. 

The fact that this agent’s spectrum closely resembles that of peni- 
cillin, a drug usually superior in its effectiveness, means that the use of 
erythromycin is more or less limited to the treatment of staphylococcal 
disease caused by penicillin-resistant bacteria and to those few instances 
in which the use of penicillin might be undesirable for other reasons. 

Orally administered erythromycin is well absorbed from the upper 
part of the small intestine, although its activity is decreased by contact 
with stomach acids. The erythromycin stearate oral preparation formerly 
in use provided somewhat erratic blood levels; presently available are 
the ethyl succinate (Erythrocin suspension) and propionyl ester lauryl 
sulfate (Ilosone L.S.). Both these compounds produce adequate blood 
levels in infants when administered in a dose of 25 to 40 mg. per kilo- 
gram per day. 

The ethyl succinate is also available as a sterile solution for intra- 
muscular injection. {t is satisfactory for this purpose, is relatively non- 
irritating and produces adequate blood levels in a dosage of 10 mg. 
per kilogram per day. In infants this medication need be administered 
oyly every 12 hours. An intravenous form, erythromycin lactobionate, 
has been given when neither the oral nor intramuscular route of admini- 
stration was available. The average daily intravenous dose is the same 
as the intramuscular one. 
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FURALTADONE (ALTAFUR) 


This member of the nitrofuran family has been claimed to be an 
orally administrable, systemically effective antibacterial agent. Its spec- 
trum in vitro includes gram-positive as well as gram-negative bacteria of 
various species. 

Because of consistent therapeutic failures in older patients, the drug 
has not received much attention in the treatment of infection in very 
young infants. Accordingly, data on its effectiveness in this age group 
are inadequate for evaluation. Despite this limited use, we have seen a 
few young infants who had received the drug in recommended or high 
dosage and who, concurrently with administration of the agent, ac- 
quired one of three different syndromes: thrombocytopenic purpura, 
hemolytic anemia and granulocytopenia. For this reason the use of 
furaltadone during early infancy cannot be recommended. 


KANAMYCIN (KANTREX) 


This highly stable antibiotic was first isolated in Japan. Its structure and 
spectrum of action are similar to those of neomycin, but the toxicity 
appears to be considerably lower. The drug has activity against a 
variety of gram-positive, gram-negative and acid-fast bacteria; an in- 
teresting feature of this spectrum is its specificity. Some organisms in 
the gram-positive group, such as staphylococci and bacilli, are very 
sensitive, while others, such as streptococci and clostridia, are relatively 
resistant. Kanamycin displays activity against most strains of E. coli, 
and salmonella, and against some strains of proteus and pseudomonas.® 

Cross resistance with neomycin occurs uniformly, but no cross re- 
sistance has been noted between kanamycin and other clinically useful 
antibiotics. 

The drug is rapidly absorbed after intramuscular injection. Kana- 
mycin readily diffuses into various body compartments, including the 
spinal fluid. In adults the observed toxic effects have been limited to 
the kidneys (casts, red cells, albumin, white cells, decrease in renal 
clearances) and to the eighth cranial nerve (vertigo, tinnitus, deafness). 
Detectable blood levels of kanamycin do not appear after oral admini- 
stration. 

Use of the drug is less hazardous in small infants than in adults. 
Work by Jocelyn Baum and assocates* has shown that in premature 
babies a dose of 7.5 mg. per kilogram regularly produces serum con- 
centrations of 15 to 20 micrograms per cubic centimeter, while 10 mg. 
per kilogram result in levels of 25 to 30 micrograms. The drug is readily 
eliminated even by infants in the weight range of 1000 gm., so that 12 
hours after its administration, serum levels have uniformly declined to 
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a level of 1 to 3 micrograms per cubic centimeter. Administration of 
kanamycin in a dose of 7.5 mg. per kilogram every 12 hours produces 
satisfactory serum levels without evidence of progressive accumulation 
of the drug. 

These observations have been extended to full-term infants, and the 
same dosage regimen has been found to be suitable. In no case was the 
drug given for periods in excess of 12 days; during this time a small 
proportion of the infants had albuminuria, which disappeared on dis- 
continuation of the drug. Follow-up examination of these treated in- 
fants, now totalling approximately 40, has failed to reveal evidence of 
hearing loss or renal damage. 

Kanamycin, in our experience, has greatest clinical usefulness in the 
therapy of various systemic gram-negative infections during the neonatal 
period. So far as possible, antimicrobial susceptibility tests should be 
performed before institution of therapy. 

Although kanamycin is active against many strains of staphylococci 
resistant to other antibiotics, bacitracin is generally superior in thera- 
peutic efficacy. 


NYSTATIN (MYCOSTATIN) 


This is an antifungal antibiotic of limited scope which is useful only 
in the treatment of moniliasis of the mouth, intestine or skin. The 
drug is poorly absorbed from the gastrointestinal tract. 

In newborn infants, nystatin is used in the therapy of oral thrush. 
For this purpose a dose of 100,000 units is administered orally 4 times 
a day. A fair proportion of babies with moniliasis will fail to respond 
to treatment with this drug. 


NEOMYCIN 


This drug, closely related to kanamycin, has a similar antibacterial 
spectrum. Its clinical usefulness as a parenterally administered agent is 
severely limited by its toxicity. In adults, a significant proportion of 
patients,treated with therapeutic doses show signs of renal and eighth 
nerve damage. The agent is only poorly absorbed from the gastro- 
intestinal tract and thus has found its greatest use in pediatrics as the 
drug most frequently given in the treatment of epidemic diarrhea of 
the newborn due to enteropathogenic strains of E. coli.1* An oral dose 
of 50 to 100 mg. per kilogram per day is used. Care should be taken 
not to administer excessively large doses for long periods of time to pre- 
mature infants, since enough drug may be absorbed to produce toxic 
effects. 
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NITROFURANTOIN (FURADANTIN) 


This is a member of the group of nitrofurans which have found some 
application as antibacterial agents. Nitrofurantoin is absorbed from the 
gastrointestinal tract, but is then so rapidly excreted by the kidney 
that only insignificant serum levels are found. The major effect thus 
is on the urinary tract, and the agent has proved useful in the treatment 
of refractory urinary tract infections in older children and adults.” 
It is effective against a variety of organisms, including strains of proteus, 
pseudomonas, and staphylococci; its action is enhanced by an acid 
urine. 

No adequate data are available on the rate of renal excretion in 
newborn and very young infants; hence the usefulness of nitrofurantoin 
in this age group remains to be established. It must also be determined 
whether this drug will show toxic effects similar to those observed 
with furaltadone if excretion should be delayed by renal immaturity. 


NOVOBIOCIN (ALBAMYCIN, CATHOMYCIN) 


This antimicrobial drug is active against a number of gram-positive 
cocci, as well as against brucella, pasteurella, klebsiella and proteus. Its 
clinical usefulness in the newborn infant is, however, restricted to two 
bacteria: susceptible staphylococci resistant to penicillin and erythro- 
mycin, and susceptible strains of proteus not affected by other anti- 
biotics. Resistance to novobiocin appears rapidly with continued use 
of this medication.”° 

This drug is readily absorbed from the intestinal tract of infants, and 
excreted slowly; detectable amounts are still present in the serum 24 
hours after administration of a single dose. The drug apparently crosses 
into pleural fluid slowly, if at all, and does not appear in cerebrospinal 
fluid even in the presence of meningeal inflammation. The oral route 
of administration is preferred; the drug can safely be given intraven- 
ously, but intramuscular administration in infants is on occasion as- 
sociated with erratic blood levels and the formation of small, sterile 
abscesses. The dosage by all routes of administration is 20 to 25 mg. 
per kilogram per day, given on an 8- to 12-hour schedule. 

Novobiocin’s greatest clinical usefulness lies in the treatment of mild 
and moderately severe staphylococcal disease produced by strains re- 
sistant to penicillin and erythromycin. It does not have the therapeutic 
efficacy of these two agents, and should not be used in preference to 
them when the organism is susceptible to either of these drugs. Toxicity 
in infants appears to be low. On occasion, eosinophilia, mild diarrhea 
and jaundice have been observed, but neutropenia, rash, fever and 
thrombocytopenia, which have been reported to occur in adults and in 
older children, have not been noted. 
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Various combinations of novobiocin with other antimicrobial agents 
have been marketed. No evidence for synergism exists; the widespread 
use of these combinations will only result in rapid appearance of novo- 
biocin-resistant strains of staphylococci. 


OLEANDOMYCIN (MATROMYCIN) 


This antibiotic should not be used, since it has been superseded by its 
chemical derivative triacetyloleandomycin (see p. 522). 


PENICILLIN 


This remarkable substance has been thoroughly studied, and its use is 
familiar to all physicians. Detailed discussion is therefore unnecessary. 

In small infants, penicillin has proved particularly useful because of 
its high potency and low toxicity. Penicillin G is well absorbed after 
intramuscular injection, and because of the diminished renal function 
found during the newborn period and in prematures, high and pro- 
longed blood levels result from its use.t In premature infants a single 
injection of 30,000 units of penicillin G per kilogram produces blood 
levels of 80 to 140 units per cubic centimeter, far in excess of those 
achievable in older children by any ordinary means. Detectable quanti- 
ties of penicillin are still present in the serum 24 hours later. The 
duration of the blood level obtained with penicillin G and the occa- 
sional occurrence of sterile abscesses following procaine penicillin have 
led us to abandon the use of procaine penicillin in premature and 
newborn infants; instead, if high blood levels are desired, 15,000 units 
per kilogram of penicillin G are injected intramuscularly every 12 hours. 
The intravenous route of administration is rarely indicated; if it is 
used, care should be taken to inject the drug slowly, particularly if the 
potassium salt is utilized. Sufficient potassium ion is present in this 
preparation to produce an effect on cardiac function if administration 
is too rapid. 

Under ordinary circumstances oral administration of penicillin avoids 
the trauma and hazard of injection, particularly if the offending patho- 
gen is as highly susceptible as are group A beta hemolytic streptococci 
or pneumococci. Phenoxymethylpenicillin (penicillin V) administered 
orally in young infants in a dosage of 30,000 units per kilogram provides 
serum levels of about 5 units within 3 or 4 hours after administration, 
persisting in diminishing amounts for approximately 12 hours.?? Our 
present regimen consists in the administration of 30,000 units per kilo- 
gram by mouth every 8 hours. The blood levels achieved with orally 
administered phenoxymethylpenicillin have proved reproducible and 
reliable in premature as well as full-term infants. No gastrointestinal 
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symptoms or other toxic effects were noted following the use of this 
material. 

It is of interest that two other oral forms of the antibiotic, buffered 
penicillin G, and benzathine penicillin (Bicillin, Permapen), have, in 
our experience, been associated with lower and more erratic blood levels 
in infants as well as with an increase in side effects, mostly referable 
to the gastrointestinal system. Phenethicillin (“synthetic” penicillin) is 
a recently introduced modification which, despite its advertised claims, 
is no more effective, reliable or safe than the phenoxymethyl form. 

Dimethoxyphenyl penicillin (Staphcillin) is a recently introduced 
product showing considerable promise in the treatment of staphylococ- 
cal disease. Its position in the therapeutic armamentarium is not yet 
known. 


POLYMYXIN (AEROSPORIN) 


The polymyxins are a group of basic polypeptides closely resembling 
each other in structure, but different to some extent in toxicity; poly- 
myxin B is the form produced in the United States. 

This drug is a highly selective antimicrobial agent and, for practical 
purposes, is active against gram-negative bacteria only. Against Pseu- 
domonas aeruginosa, polymyxin is more effective than any other anti- 
biotic. The nature of its antibacterial action is unique. At moderate 
concentrations polymyxin acts more like a disinfectant than an anti- 
biotic, producing a rapidly lethal action. This beneficial effect may not 
be manifest in the laboratory if the susceptibility of bacteria to this drug 
is tested by the disk (agar diffusion) method. Because of its chemical 
and physical properties, polymyxin diffuses very slowly, and the zone 
of inhibition appearing around a disk may be exceedingly narrow even 
when the test organism is highly sensitive. 

Polymyxin is absorbed well after intramuscular injection, but local 
irritation as well as delayed pain is commonly experienced. With oral 
administration it is not absorbed to a measurable degree. The drug 
should not be given intravenously. 

Polymyxin does not pass readily from the blood into body fluids or 
spaces; adequate spinal fluid levels can be achieved only by intrathecal 
administration. 

Polymyxin is toxic, although with careful control of dosage its dele- 
terious effects can be minimized. Intramuscular administration of 2.5 
mg. per kilogram per day in full-term infants more than 2 weeks of 
age produces usually only slight and transient albuminuria. In _pre- 
mature and newborn infants a dose of 1 to 1.5 mg. per kilogram for 
a period not in excess of one week is reasonably safe and effective. Other 
side effects that have been noted in infants include drug fever, which is 
common, and a variety of skin rashes. In older children reversible signs 
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of neurotoxicity are observed: ataxia, paresthesias and hypesthesias. 
Even though similar side effects are obviously not detectable in infants, 
their occurrence in older patients dictates discriminate use of the drug 
in all age groups. 

Polymyxin’s greatest and perhaps only usefulness in the newborn is 
in the treatment of pseudomonas infection, particularly sepsis and 
meningitis. If the meninges are involved, the drug should be instilled 
intrathecally in a dose of 1.5 mg. daily, in addition to its intramuscular 
administration. 


RISTOCETIN (SPONTIN) 


This agent’s clinical usefulness is limited to the treatment of staphy- 
lococcal disease resistant to other forms of therapy. Ristocetin is 
usually administered intravenously, although the addition of cortisone 
to the preparation may permit its intramuscular administration under 
certain conditions.* Its potency in the laboratory is unquestioned, but 
clinical results obtained have been variable, although experience with 
its use in small infants is limited. In our own experience, intravenous 
administration of the drug is associated with a high incidence of throm- 
bophlebitis and fever. In one instance neutropenia was noted. These 
side effects have also been reported to occur in older patients. In addi- 
tion, the therapeutic effectiveness of ristocetin in young infants is not 
great. 


SIGNEMYCIN 


This is not an antibiotic entity, but rather a mixture of two antibiotics: 
tetracycline and triacetyloleandomycin. Clinical evidence clearly indi- 
cates that this combination is not synergistic in its effect; the prepara- 
tion has no advantage over its component parts when used in clinical 
medicine, and represents only a sales gimmick. 


STREPTOMYCIN 


Streptomycin, aside from its use in tuberculosis, derives its greatest 
clinical usefulness in pediatrics from the fact that it is highly effective 
against a variety of gram-negative organisms, particularly E. coli and 
some strains of pseudomonas and proteus. It also acts against gram- 
positive bacteria, but is infrequently given for these since this action is 
generally less potent than that produced by other antimicrobial agents. 
Not all organisms susceptible to this drug in vitro are affected by it 
in vivo; e.g. treatment of salmonella infections is unsuccessful. Strepto- 
mycin’s greatest disadvantage lies in the fact that resistance to it de- 
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velops rapidly; as a result, many strains of the more common entero- 
bacteria and H. influenzae presently encountered in practice are not 
affected by its action. ' 

Streptomycin is rapidly absorbed after intramuscular administration, 
and most of the injected drug is gradually excreted in the urine at a 
rate considerably slower than that of penicillin. It is widely distributed 
in the extracellular fluid, but little penetrates the blood-spinal fluid 
barrier except in the presence of meningeal irritation, when detectable 
but low levels will appear. The drug is poorly and erratically absorbed 
from the gastrointestinal tract, most of the administered dose being 
excreted unchanged in the stool. 

The intramuscular dosage we use is 40 mg. per kilogram per day, 
half this amount being administered every 12 hours. When urinary 
output is depressed, the daily dose should be reduced to 30 or 20 mg. 
per day. In infants these regimens result in good blood levels without 
evidence of accumulation, and if the drug is continued for periods of 
less than 10 days, no evidence of vestibular or auditory damage has 
been noted with present preparations. 

It has become common pediatric practice to administer combinations 
of penicillin and streptomycin in order to provide a wide-spectrum 
action not available with either drug alone. Without going into the 
merits of this approach, under certain conditions, as in streptococcus 
group D infections, this combination has synergistic action. 


SULFONAMIDES 


Since Silverman’s convincing demonstration" that sulfisoxazole (Gan- 
trisin) administration in premature infants results in an increased 
incidence of kernicterus, the use of sulfonamides has generally been 
abandoned in the treatment of infections of newborn babies. Long- 
acting sulfonamides should not be administered to their mothers before 
delivery (see p. 418). 


THE TETRACYCLINES 


These represent a family of closely related compounds including tetra- 
cycline itself, chlortetracycline (Aureomycin), oxytetracycline (Ter- 
ramycin) and demethylchlortetracycline (Declomycin). These four 
drugs have more or less identical antibacterial actions and exhibit 
essentially complete cross resistance. 

The agents are effective against a wide variety of bacteria, including 
both the gram-positive and gram-negative groups, overlapping the spectra 
of penicillin and streptomycin. They are also active against rickettsiae 
and some of the large viruses of the psittacosis-lymphogranuloma group. 
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The tetracyclines are rapidly and nearly completely absorbed from 
the stomach and from the small intestine, as long as a “critical amount” 
is not exceeded. Larger doses lead to increased excretion in the feces 
without significant increase in the serum level obtained. Furthermore, 
the amount absorbed is directly related to the quantity of fluid given 
with the drug; approximately 1 cc. of water per milligram of drug will 
permit maximal absorption. The absorbed material is readily distributed 
to most tissue and fluids, including spinal fluid, and is excreted un- 
changed in the urine and the bile. After biliary excretion it is reab- 
sorbed from the intestine; thus a small amount of drug can persist in 
the blood for long periods. 

Observations by David Baum and associates? at this institution have 
indicated that the intestinal absorption of tetracycline by premature 
and newborn infants is poor, and in order to obtain adequate serum 
levels, larger doses must be given than are ordinarily used in children. 
A regimen of 25 mg. per kilogram every 6 hours (approximately 4 
times the “normal” dose) produces therapeutic levels in all treated 
babies. The drug is excreted even more slowly than it is absorbed, since 
each 24-hour period of drug administration produces a somewhat higher 
level than the preceding one. For example, at the end of one week of 
treatment, blood levels range from 10 to 18 micrograms per cubic centi- 
meter, a level 3 to 6 times higher than those observed at the end of 
the first day of therapy. No toxic effects aside from a moderate increase 
in the number of stools have been noted, but because of the accumula- 
tion of drug in the patient, caution should be exercised when the 
tetracyclines are administered to young infants for periods longer than 
7 to 10 days. 

It might be added that in our experience with infants every one of 
the so-called potentiated tetracyclines failed to produce blood levels 
more promptly or higher than tetracycline itself. 

Experience with demethylchlortetracycline in adults has indicated 
a significant increase in absorption, so that smaller doses can be rou- 
tinely given.® Experience with this substance in infants is too limited 
to permit adequate evaluation at present. 

Parenteral forms are also available. The intravenous materials pro- 
duce high serum concentrations rapidly which are maintained for 12 
hours or more. Injections, therefore, have to be administered only 
twice a day. Most of the intramuscular preparations available have 
proved disappointing. In infants tetracycline, when administered by 
this route, is highly irritating and, because of irregular absorption, 
,produces erratic blood levels. Sterile abscesses occur with some fre- 
quency. Intramuscular preparations of oxytetracycline, in a dosage of 
approximately 6 mg. per kilogram every 8 to 12 hours, have proved 
more satisfactory for short-term use,'* but whenever possible, oral or 
intravenous administration is preferred. 
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TRIACETYLOLEANDOMYCIN (CYCLAMYCIN, TAO) 


This antibiotic, a chemical modification of oleandomycin, is more read- 
ily and uniformly absorbed from the gastrointestinal tract than the 
parent drug, and therefore produces higher and more consistent blood 
levels. Its therapeutic usefulness is limited to staphylococci resistant 
to other agents. This drug appears to be similar in many ways to novo- 
biocin; e.g. cross resistance rapidly develops, and most novobiocin- 
resistant staphylococci are also triacetyloleandomycin-resistant. In our 
experience novobiocin usually proves more effective in infants. If toxic 
effects force discontinuation of novobiocin, triacetyloleandomycin may 
be substituted. The daily oral dose is 25 to 40 mg. per kilogram. 


VANCOMYCIN (VANCOCIN) 


This antibiotic, relatively recently introduced into medical practice, 
will probably always be of limited usefulness. Its chief potential appli- 
cation is in the treatment of severe staphylococcal infection due to 
organisms resistant to other antibiotics. Vancomycin must be admin- 
istered intravenously, a property which alone would limit its usefulness 
in small infants. Little experience with this agent in babies is available. 
We have encountered febrile reactions and thrombophlebitis in infants 
in whom therapy with vancomycin was attempted, and the medication 
was discontinued because no therapeutic effect was noted after a period 
of treatment in which bacitracin would regularly have shown a bene- 
ficial action. Further evaluation of its value during the neonatal period 
is probably indicated. 


CONCLUSION 


An infant is not a small adult; many of his mechanisms of host defense, 
drug inactivation and elimination, and other physiologic mechanisms 
are unique. Since the ultimate aim of chemotherapy is to treat people, 
not bacteria, this host factor must be taken into consideration in select- 
ing an appropriate antimicrobial agent. 
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THE RESPIRATORY DISTRESS 
SYNDROME OF PREMATURITY 


Clinical and Therapeutic Aspects 


ROBERT USHER, M.D. 


If one excepts the prevention of prematunty, the respiratory distress, 
or hyaline membrane, syndrome is the major problem of premature 
infant medicine today. It causes more than half of premature infant 
deaths during the first three days of life. At postmortem examination 
typical pulmonary findings include atelectasis, congestion and hyaline 
membrane formation. Associated subarachnoid or intraventricular 
hemorrhages are frequent. There is at present no standard reference 
work describing the clinical course of the syndrome in a large number 
of infants. None of the therapeutic agents in common use have been 
shown to be effective in lowering the mortality rate in affected infants. 

The author has studied more than 150 infants with respiratory 
distress syndrome during the past 4 years and has made similar studies 
of many healthy premature infant controls. The characteristic picture 
of respiratory distress syndrome—clinical, biochemical and electrocardio- 
graphic—which has emerged from these studies will be presented. The 
specific findings are being published separately; this article will attempt 
to cover the whole subject in a general fashion. A method of metabolic 
management will be described, based on the experience gained from 
parenteral fluid therapy of more than 100 premature infants who had 
respiratory distress syndrome or who weighed less than 1000 gm. at 
birth. 
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McGill University, Montreal, Quebec, Canada. 


This work was supported by a National Health Grant, Canada. 
525 











526 THE RESPIRATORY DISTRESS SYNDROME OF PREMATURITY 
CLINICAL DEFINITION OF RESPIRATORY DISTRESS SYNDROME 


The diagnostic signs of respiratory distress syndrome are chest 
retraction, expiratory grunting and decreased air entry on auscultation, 
present during and persisting beyond the first three hours of life, in 
the absence of coexisting disease. The labored respirations, and espe- 
cially the pathognomonic grunt, are sometimes not apparent until one 
hour after birth when the infant has quieted down and begins to 
breathe regularly without crying or irritability. 

Healthy premature infants have either no retractions, grunting and 
decreased air entry after birth, or they have mild respiratory signs 
which usually disappear before three hours of age. When infants have 
such a course immediately after birth, they do not later exhibit the 
respiratory distress syndrome. 


INCIDENCE AND MORTALITY 


Fourteen per cent of premature infants have respiratory distress syn- 
drome. The incidence is highest among the smaller infants; the syn- 
drome occurs in 50 per cent of infants weighing 1000 to 1500 gm., and 
in only 5 per cent of infants weighing 2000 to 2500 gm. 

With the best of conservative management 50 per cent of affected 
infants die. The mortality rate is somewhat higher in the smaller dis- 
tressed infants: 66 per cent of the 1000- to 1500-gm. infants die, as 
compared with 31 per cent of the 2000- to 2500-gm. infants. 

Four out of every 5 infants who die of respiratory distress syndrome 
succumb between 12 and 72 hours of age. The mortality rate among 
distressed infants who are still alive at 48 hours of age is 25 per cent; 
among those who survive 72 hours it is 11] per cent. 

The syndrome probably originates in utero, for it is usually evident 
from the first breath. The etiology does not seem to be related to the 
difficulty of the delivery, since those factors which tend to produce 
trauma, asphyxia or depression during delivery do not affect the inci- 
dence of respiratory distress syndrome. The syndrome is not more 
common in breech deliveries, among second twins, after prolonged 
labors or with analgesia, anesthesia, asphyxia neonatorum or placental 
insufficiency syndrome. Such potentially harmful factors do, however, 
increase the mortality rate among affected infants. 

The incidence is closely related to the degree of prematurity, the 
frequency being 10 times as great in 1200-gm. babies as in 2400-gm. 
babies. There is also a higher incidence and a higher case fatality rate 
in male infants than in females. Eleven per cent of premature infant 
males and only 4 per cent of premature infant females die from 
respiratory distress syndrome. When the syndrome affects one member 
of twin or triplet sets, all members are affected, although the last-born 
is usually the most severely affected. 
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The incidence of the syndrome is doubled when delivery is by 
cesarean section. This effect seems to be due to the operation itself 
rather than the indication for which it is done; in comparing infants of 
the same weight group, respiratory distress syndrome occurs as often 
after elective sections as after emergency sections such as for placenta 
praevia. 

Infants of more than 37 weeks’ gestation and 3000 gm. birthweight 
who were born at this hospital did not have the syndrome whether they 
were delivered by section or per vaginam. It is therefore important to 
avoid iatrogenic prematurity by ensuring that elective sections are not 
done before term. Some obstetricians avoid this hazard by awaiting the 
onset of labor before performing repeat cesarean sections, while others 
allow spontaneous vaginal delivery after a previous section. 

Analysis of the factors which affect incidence suggests that the 
respiratory distress syndrome originates in utero before delivery, and is 
caused by some other process than fetal asphyxia. Whatever the cause, 
it seems to affect all the infants present in the uterus when it is oper- 
ating. This etiologic agent affects only premature infants, or perhaps it 
operates only in pregnancies which deliver prematurely. 


THE NATURAL HISTORY OF THE SYNDROME 


The clinical course of the distressed infant is marked by increasingly 
labored respirations during the first 6 hours of life, sustained respiratory 
distress between 6 and 18 hours, and finally by death or by gradual 
improvement usually beginning during the next 2 days. The respiratory 
rate steadily increases after birth to a peak of about 75 per minute at 
24 hours of age. Respirations then slow to a normal rate of 40 to 50 
per minute by the fourth day. 

Seventy per cent of distressed infants have a rise in respiratory rate 
of more than 20 per minute from the first hour of life to the peak 
rate after 12 hours; such an increase occurs in only 10 per cent of 
healthy infants. The heart rate, too, is faster in distressed infants. 
Rates of 130 to 170 per minute are common, fatal cases having the 
fastest rates. Distressed infants require supplemental oxygen to remain 
free of cyanosis. 

Pitting edema of the dorsal surfaces of the hands and feet, often 
considered a sequel of prematurity itself, is an almost universal finding 
in distressed premature infants and is not found in healthy premature 
infants. The edema is not present at birth, but develops within the 
first hour of life in those distressed infants who weigh less than 1200 
‘gm., and by 12 to 24 hours of age in most other distressed infants. This 
pitting edema of respiratory distress syndrome always disappears be- 
tween the second and fifth days of life. 








528 THE RESPIRATORY DISTRESS SYNDROME OF PREMATURITY 


One in four cases shows a hardening of the edematous tissues to 
produce sclerema, most readily appreciated over the cheeks, thighs 
and buttocks. This development is not an unfavorable sign in distressed 
infants, for the mortality rate is as high in the absence of sclerema as 
in its presence. 

Fine, moist, generalised rales of pulmonary edema are heard in more 
than half of the distressed infants between 6 and 48 hours of age. 

Infants with respiratory distress syndrome tend to be depressed. From 
birth onward they are flaccid and inactive in varying degrees, and the 
cerebral depression tends to become more pronounced after six hours 
of age. The appearance of improved tone and spontaneous stretching 
activity in a previously depressed infant by about 36 hours of age is 
the first sign of recovery from the disease. 

In addition to their cerebral depression, most distressed infants show 
signs of intracranial irritation between 12 and 48 hours of age. Although 
limp and spreadeagled, they tend at this time to have an irritable, 
tremulous and overreactive response to stimuli. 

Apneic spells lasting for seconds or minutes are another neurologic 
manifestation which frequently complicates the course of respiratory 
distress syndrome. When apneic spells begin before 54 hours of age, 
the prognosis is always grave, since they usually increase in frequency 
and severity until death. Apneic spells which begin after 54 hours are 
prognostically benign; these occur between the third and seventh days 
of life in many distressed infants who survive, and although they may 
be frequent and sometimes require positive pressure ventilation, they 
do not ordinarily result in death. 

The cardiovascular signs of the respiratory distress syndrome are 
tachycardia, borderline liver enlargement, a patent ductus arteriosus 
murmur, and hypotension. Most distressed premature infants have a 
liver palpable 2 cm. below the costal margin, which is slightly larger 
than that usually found in healthy premature infants. A crescendic 
late systolic, and sometimes a continuous, murmur of patent ductus 
arteriosus is heard in one out of four distressed infants who survive. 
The murmur is usually detected between the third and seventh days 
of life. It persists for hours to several days, and occasionally up to a 
month. 

The average blood pressure, determined by the flush method, is 
slightly lower in distressed infants than in healthy infants of the same 
weight. Infants with the lowest blood pressure do not, however, have 
the highest mortality rate, and there is no tendency for the blood pres- 
sure to drop as a herald of death. There may, however, be an associa- 
tion between hypotension and the cause of respiratory distress syn- 
drome, because infants with acute hemorrhagic shock in the immediate 
neonatal period have labored respirations which are indistinguishable 
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from respiratory distress syndrome. This respiratory distress of neonatal 
hemorrhagic shock responds immediately when the underlying condi- 
tion is corrected with blood transfusion. 

Distressed premature infants tend to lose, on the average, 12 per 
cent of their birthweight during the first 72 hours of life, as compared 
with the 6 per cent average weight loss in healthy premature infants 
during this same period. Pitting edema of distressed infants therefore 
develops during a period of rapid weight loss. 

Paralytic ileus manifested by diminished or absent bowel sounds is 
a frequent problem during the recovery phase of respiratory distress 
syndrome. Feedings are hampered by abdominal distention, infrequent 
bowel movements, and regurgitation between the third and seventh 
days of life. Enemas are often effective in relieving the distention. 


PROGNOSTIC SIGNS 


Certain of the physical signs of respiratory distress syndrome appear 
with greater frequency or severity in fatal cases and are thereby of 
prognostic value. Infants with severe retraction or grunting during their 
first 6 hours of life have a high mortality rate and tend to die early— 
before 30 hours of age. On the other hand, infants with less severe 
retraction and grunting have a lower mortality rate, and deaths, when 
they occur, are after 30 hours of age. Those distressed infants who sur- 
vive usually show improvement in their retractions and air entry after 
12 hours of age; if this does not occur, the prognosis is poor. 

The prognosis is also poor (mortality rate 70 to 90 per cent) in 
those infants who have rales during the first 6 hours of life, who show 
severe flaccidity and inactivity between 6 and 12 hours of age, who 
have definite cyanosis after 12 hours of age in spite of supplemental 
oxygen, who show liver enlargement after 12 hours of age, or who have 
apneic spells before 54 hours of age. 

There are also some differences in the manifestations of respiratory 
distress syndrome in large as compared with small premature infants. 
The smaller infants have more noticeable grunting, poorer air entry 
and a slower respiratory rate (15 to 30 per minute) after birth. Edema 
develops earlier (often within the first hour) and is more severe. Larger 
premature infants with respiratory distress syndrome may have full air 
entry, although the breath sounds are coarse. 


RADIOLOGIC CHANGES 


Premature infants with respiratory distress syndrome usually show a 
characteristic radiologic picture. The typical triad consists of a gen- 
eralised reticulogranular pattern of the lung fields, an “air bronchogram”’ 
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and a widened superior mediastinum. These changes persist until about 
one week of age in distressed infants. 

To avoid unnecessary trauma and radiation exposure, chest radio- 
graphs are not made at this hospital on infants who show classic clinical 
signs of the syndrome, especially if they are small babies. Radiologic 
examination is most useful in the larger infants, in whom the respira- 
tory distress syndrome is often atypical with little grunting and good 
air entry. A chest radiograph in such cases can establish or rule out 
other causes of respiratory distress such as aspiration pneumonia, pneu- 
mothorax, lobar -atelectasis and diaphragmatic hernia. 


ELECTROCARDIOGRAPHIC CHANGES 


Electrocardiographic conduction disturbances are frequent in this syn- 
drome. Although the electrocardiogram is normal during the first 6 to 
12 hours of life, evidence of impaired myocardial conductivity usually 
appears at some time between 12 and 60 hours of age. 

The ORS and P-R intervals become prolonged so that the ORS may 
be 0.06 or 0.08 second and the P-R interval 0.11 or 0.13 second (the 
upper limits for healthy premature infants are 0.04 second for the 
ORS and 0.10 second for the P-R intervals). Impaired atrioventricular 
conduction may progress to 2:1 heart block. Ventricular conduction 
sometimes deteriorates to produce a sine wave tracing. Other electro- 
cardiographic changes are flattened and prolonged P waves, prolonged 
O-T intervals, diminished ORS voltage in the standard leads, left axis 
deviation, left ventricular preponderance, and occasionally peaked T 
waves. 

Clinical evidence of these disturbances is sometimes present as muf- 
fled heart sounds or sudden halving of the heart rate with 2:1 atrio- 
ventricular block. It should be noted that heart sounds may also be 
muffled when pneumomediastinum develops as a complication of 
respiratory distress syndrome. 

The electrocardiogram becomes steadily more abnormal until death 
in fatal cases. It rapidly reverts to normal with the clinical recovery 
of survivors. 

Electrocardiographic changes are not found in infants who die before 
12 hours of age, even when the infants weigh less than 1000 gm., so 
that the cardiac disturbance cannot be attributed simply to a terminal 
change preceding death, or to immaturity. 

The electrocardiographic disturbance is due or closely related to the 
development of increased plasma concentrations of potassium. Electro- 
cardiographic changes occur only in the presence of a plasma potassium 
concentration above 7.0 mEq. per liter. The type of conduction dis- 
turbance produced is similar to that found in the anuric adult with 
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hyperkalemia. There is, however, one major difference: the hyperkalemic 
infant rarely shows the peaked T waves which characterise the condition 
in adults. This difference may be related to the unusually low T waves 
found in healthy premature infants of this age. 

The conduction disturbance in distressed premature infants can be 
corrected, as in hyperkalemic adults, when potassium is transferred from 
the extracellular to the intracellular space with intravenous glucose 
and insulin therapy. Clinical evidence of this correction is obtained by 
sudden increase in volume of the heart sounds. Hyperkalemia can be 
prevented, and the electrocardiographic disturbance avoided, when 
distressed infants are treated from birth with intravenous glucose and 
sodium bicarbonate solutions. 

The hyperkalemic electrocardiographic disturbance cannot be the 
cause of respiratory distress syndrome, for it develops only after 12 
hours of age. It may, however, be the cause of death in many distressed 
infants. This is especially likely in the infants who survive for 24 hours 
and then later die, long after their acute respiratory distress has sub- 
sided. 


BIOCHEMICAL CHANGES 


Distressed infants have a severe, uncompensated respiratory acidosis 
during the early hours of life. Venous pH levels of 7.00 to 7.25 are 
common. The carbon dioxide tension is usually 50 to 80 mm. of mer- 
cury, and the plasma bicarbonate concentration 15 to 25 mEq. per liter. 
Healthy premature infants, in contrast, have a venous pH of 7.30, 
carbon dioxide tension of 45 mm. and plasma bicarbonate of 22 mEq. 

During the usual three-day course of the syndrome the carbon dioxide 
tension in distressed infants usually remains constant or falls slowly. 
There is no tendency for the plasma bicarbonate concentration to rise 
to compensate for the persistent respiratory acidosis. Actually, the 
plasma bicarbonate tends to decrease during the first 72 hours of life, 
increasing the metabolic component of the acidosis. 

There is a close correlation between the severity of the acidosis and 
the prognosis. Distressed infants with a venous pH below 7.15 (arterial 
or capillary pH is usually 0.08 higher than venous), or carbon dioxide 
tension above 70 mm. of mercury, or plasma bicarbonate of less than 
18 mEq. per liter rarely survive without administration of intravenous 
glucose and sodium bicarbonate solutions. 

Distressed infants show biochemical evidence of excessive tissue 
breakdown associated with their greater weight loss. During the first 
hours after birth they have concentrations similar to those of the 
mother of plasma potassium (4 mEq. per liter) and nonprotein nitrogen 
(25 mg. per cent). Within 12 to 48 hours these concentrations increase 
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so that plasma potassium concentrations of 9 mEq. and nonprotein 
nitrogen concentrations of 60 mg. per 100 ml. are common. It is at this 
time that the hyperkalemic electrocardiographic conduction disturbances 
appear. As the distress process subsides after about 60 hours of age, the 
plasma levels of potassium and nonprotein nitrogen rapidly decrease 
to normal. 

This accumulation of plasma potassium and nitrogen occurs in dis- 
tressed infants at a time when there is no intake of cither substance. 
The urinary output of both substances is equal to that of healthy 
premature infants. With no intake and with normal output, the rising 
levels of extracellular potassium and nitrogen must be due to their 
release from cells in amounts greater than the premature infant kidney 
can excrete. 

There are therefore two renal mechanisms which appear to be inade- 
quate to meet the metabolic strains of respiratory distress syndrome. 
The kidney is unable to increase its solute excretion when presented 
with increased plasma concentrations of potassium and nitrogen, and 
it is unable to compensate for respiratory acidosis by conserving base. 
The failure to conserve base may be associated with the low urinary 
phosphate output of the first day or two of life. At this time phosphate 
output is less than one tenth of that excreted after the third day of life, 
although the plasma phosphate concentration is high. This failure of 
the kidney to excrete phosphate must deprive the kidney of a most 
effective buffering substrate. Infants who suffer a respiratory acidosis 
after the third day of life when the phosphate excretion has increased 
to normal are able to conserve base and thereby increase their plasma 
bicarbonate concentration. 

There is a large urinary sodium loss with respiratory distress. syn- 
drome. This occurs along with increased adrenal cortical activity, as 
shown by an increased urinary excretion of 17-hydroxycorticosteroids.' 

The apparent paradox of adrenal cortical hyperactivity associated with 
potassium retention and sodium excretion may be related to the handi- 
caps of the premature infant’s kidney. An increased catabolic rate is 
one result of adrenal cortical hyperactivity. This releases potassium, 
nitrogen and organic acids from cells. A mature kidney in these cir- 
cumstances readily excretes the extra potassium and nitrogen load and 
buffers organic acids without loss of sodium. The premature infant’s 
kidney is evidently unable to do this; potassium and nitrogen retention 
results, and much sodium is lost in the urine, presumably combined 
with acids which the kidney has been unable to buffer. Potassium 
retention and sodium excretion in the presence of increased adrenal 
cortical activity may therefore be due to renal immaturity and not to 
a hypothetically different type of adrenal hormone produced, such as 
salt-losing hormone of the newborn. 
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Other biochemical disturbances are common in infants with respira- 
tory distress syndrome. One third of distressed infants have hypo- 
glycemia with glucose concentrations of 5 to 20 mg. per 100 ml. 

Plasma inorganic phosphate concentrations are elevated in distressed 
infants from one hour of life onward, and tend to increase during the 
first three days. There is a close correlation between the plasma phos- 
phate levels soon after birth and the prognosis—infants with plasma 
phosphate concentrations of more than 7 mg. per 100 ml. during the 
first 6 hours of life usually die. 

The plasma protein concentration is lower in distressed infants than 
in healthy infants of the same weight. Although full-term infants usu- 
ally have a plasma protein concentration of 6 gm. per 100 ml., and 
healthy premature infants of 5.0 to 5.5 gm., distressed premature infants 
usually have only 4.0 to 5.0 gm. per 100 ml., the sicker infants having 
the lowest values. The finding of a low plasma protein concentration 
in infants who are developing edema while losing weight suggests that 
the mechanism of edema formation is transudation of proteins from 
plasma into tissue fluid rather than a salt and water problem. Additional 
evidence of such increased capillary permeability is the high protein 
content of the edema fluid (1.0 to 3.0 gm. per 100 ml.). The percentage 
of albumin in the tissue fluid proteins is higher (70 per cent) than in 
the plasma proteins (60 per cent), suggesting a capillary leak with 
greater loss of smaller molecules. Electrocardiographic suction cup leads 
on the chest cause ecchymoses in distressed infants, although not in 
healthy infants of the same weight, again demonstrating the weakened 
state of the capillary walls during respiratory distress syndrome. 

Plasma concentrations of sodium and of chloride in distressed infants 
are within the normal ranges for healthy newborn premature infants. 

To summarize, biochemical findings in respiratory distress syndrome 
during the early hours of life include a respiratory and metabolic aci- 
dosis, hypoproteinemia, hypoglycemia and hyperphosphatemia. After 
12 hours of age the metabolic acidosis increases, and hyperkalemia and 
azotemia develop. All the biochemical changes are greater in the fatal 
cases, and tend to become corrected about 48 to 72 hours of age in 
survivors. Infants who have a venous pH below 7.15 or a plasma potas- 
sium above 9.0 mEq. per liter rarely survive. 

Infants who weigh less than 1000 gm. at birth have similar bio- 
chemical disturbances even if they do not have the clinical signs of 
respiratory distress syndrome. They therefore will be considered together 
with the distressed infants when discussing management of the me- 
tabolic disturbances. 

The preceding description of the biochemical picture of respiratory 
distress syndrome is true of the infant who is treated conservatively, 
i.e. not fed for upwards of 36 hours after birth. The biochemical 
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disturbances can be ameliorated when intravenous glucose and sodium 
bicarbonate solutions are given from birth onward. With such therapy 
it is possible to increase the plasma bicarbonate without increasing the 
carbon dioxide tension and thus to improve the acidosis. Catabolism is 
decreased, and the plasma concentrations of potassium, nonprotein 
nitrogen and phosphorus remain stable or rise only slightly after birth, 
although the urinary excretion of these substances is not increased. 
The blood sugar concentration is usually maintained above 30 mg. per 
100 ml. unless intravenous therapy is discontinued before an adequate 
quantity of milk is provided enterally. When the intravenous infusion 
is discoritinued too early, there is danger of sudden and severe hypo- 
glycernic shock manifested clinically by pallor, duskiness, flaccidity and 
apneic spells. 


GENERAL MANAGEMENT 


The essentials of good management of the distressed premature infant 
and of the infant who weighs less than 1000 gm. are as follows. 

1. Delivery of all infants of less than 32 weeks’ gestation (1800 gm.) 
should be done by an experienced obstetrician with an experienced 
pediatrician standing by for resuscitation and for immediate diagnosis 
and management of respiratory distress syndrome. Every effort should 
be made to minimize trauma, asphyxia, and exposure to cold during 
and immediately after delivery. 

2. Positive pressure resuscitation is indicated within 1 or 2 minutes of 
birth if the infant is apneic or the heart rate less than 100 per minute, 
and the infant does not respond quickly to pharyngeal suctioning and 
gentle stimulation. A positive pressure mask is used first, and if it is 
not rapidly effective, an endotracheal tube is passed. 

3. Diagnosis of the respiratory distress syndrome should be made 
within three hours of birth, if necessary by repeated clinical examina- 
tions at short intervals and with the aid of radiography. Other possible 
causes of respiratory distress in a newborn infant such as pneumothorax 
and diaphragmatic hernia should be ruled out. 

4: In all infants with respiratory distress syndrome or with a birth 
weight of less than 1000 gm., a blood sample is first obtained for pH 
and carbon dioxide content, and then intravenous glucose and bi- 
carbonate solutions are started. Further details of this therapy will be 
given after a description of other general aspects of care of these infants. 

5. The rectal temperature is maintained at 98° F. with full humidity 
and adjustment of the environmental temperature. The necessary in- 
cubator temperature usually required for this purpose is about 86° F. 
for a 2500-gm. infant to 94° F. for a 700-gm. infant. 

6. Supplemental oxygen must be given to most of these infants, since 
they are usually cyanotic in room air. Although concentrations of more 
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than 40 per cent oxygen carry a risk of retrolental fibroplasia, this risk 
is nil in the presence of cyanosis. The oxygen concentration is therefore 
elevated to 40 per cent, and then is gradually increased if cyanosis 
persists at this level, until the baby becomes pink. If an infant who is 
receiving more than 40 per cent oxygen becomes pink, the oxygen 
concentration is lowered hourly until borderline cyanosis recurs. The 
aim is to provide adequate oxygen concentrations to prevent anoxia, 
but to avoid the administration of more than 40 per cent oxygen to 
fully saturated infants. 

7. Antibiotics are given only to infants who have overt signs of 
infection. 

8. Infants who have apneic spells require close observation so that 
they can be stimulated—and if necessary resuscitated—by the nurse 
before anoxic brain damage results from a long spell. 

9. Gastric tube feedings are started when the baby shows signs of 
spontaneous activity and begins to withstand handling well. This time 
varies with different babies, anywhere from six hours to six days of life. 
When two feedings of water are tolerated, milk feedings are started. 
The volume of the first feeding varies with the size of the infant from 
2 to 10 ml. Feedings are then gradually increased in volume. When the 
gastric intake is approximately 65 ml. per kilogram per day, the intra- 
venous fluids are discontinued. 

Infants who weigh less than 1500 gm. are given a formula of 30 
calories per ounce and low in protein content (2.5 gm. per 100 cc.) to 
provide maximum caloric intake compatible with the small stomach 
volume and poor renal ability to excrete solutes. Their feedings are 
given every two hours, again to increase the daily intake in the face of 
a small gastric volume. 

10. During the several days following discontinuation of the intra- 
venous fluids, enteral feedings often do not supply sufficient intake to 
maintain body weight. Hypodermoclyses are used to supplement the 
gastric intake during this period while the feedings are gradually in- 
creased. Twenty milliliter amounts of one-third physiologic saline and 
two-thirds 5 per cent glucose and water solution are given with hyal- 
uronidase in the scapular area one, 2 or 3 times daily, until the body 
weight is stable or increasing. 

11. With this effort to provide adequate nutrition, the intrauterine 
rate of growth is approximated, and the infants who weigh 1000 gm. 
may gain up to 30 gm. daily and double their birth weight by 5 weeks 
of age. This means that the ‘late’ anemia of prematurity due to iron 
deficiency from growth exceeding iron intake may occur before one 
and a half months of life unless supplemental iron is given. Ferrous 
sulfate is therefore administered orally in gradually increasing dosage 
from the third week of life onward, and a therapeutic dose of iron 
(50 mg. of elemental iron) is given daily from the fifth week. 
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METABOLIC MANAGEMENT 


Blood pH and carbon dioxide content are measured within 3 hours 
of birth in all infants who have respiratory distress syndrome or who 
weigh less than 1000 gm., and an intravenous solution is then started 
in a midline frontal scalp vein. The solution is infused at a rate of 65 
ml. per kilogram per day and consists of 10 per cent glucose and water 
with sodium bicarbonate added in concentrations which depend on 
the blood pH of the infant: 





VENOUS PH ARTERIAL OR SODIUM BICARBONATE 
CAPILLARY PH CONCENTRATION USED 

Over 7.20 Over 7.30 5 mEq. or 0.42 gm. per 100 ml. 

7.10-7.20 7.20-7.30 10 mEq. or 0.83 gm. per 100 ml. 

7.00-7.10 7.10-7.20 15 mEq. or 1.25 gm. per 100 ml. 

Under 7.00 Under 7.10 25 mEq. or 2.08 gm. per 100 ml. 


Repeated determinations of pH and carbon dioxide are made at 6- to 
24-hour intervals if the original venous pH is below 7.20 or if the 
clinical condition worsens during therapy. The concentration of sodium 
bicarbonate in the infusion is then adjusted to the pH results according 
to the previous table. 

Distressed infants who are first seen after 12 hours of age may have 
already developed severe hyperkalemia with electrocardiographic 
changes. Such infants require emergency treatment with 20 per cent 
glucose-water and insulin (1 unit per 3 gm. of glucose) for several hours 
to correct the hyperkalemia before maintenance glucose and bicarbonate 
therapy is started. 

The intravenous infusion is given into a midline frontal scalp vein 
through a no. 23- or 27-gauge needle, which usually remains in place 
for 48 hours before requiring replacement. Because of the danger of 
sepsis, the umbilical vein is reserved for emergencies and for infants in 
whom scalp vein infusions are impossible, owing to the collapsed state 
of the infant or to bruising of the head. When the intravenous infusion 
clots or infiltrates, it is restarted within one hour to avoid hypoglycemic 
shock. 

Fluid retention and cardiac overload are not problems with this rate 
of fluid administration. The usual signs of heart failure—liver enlarge- 
ment, tachycardia, rales and peripheral edema—are a part of the syn- 
drome, and their incidence and severity are not increased with intra- 
venous therapy. Infants receiving intravenous therapy usually lose 5 
to 10 per cent of their body weight during the first 3 days of life, and 
some infants may maintain their birth weight. 

The biochemical effects of intravenous glucose and sodium bicarbon- 
ate therapy are correction of the acidosis and prevention of the in- 
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creased catabolic rate, the hyperkalemia and the electrocardiographic 
disturbance. Since this intravenous therapy has been instituted in our 
nursery, the mortality rate of distressed infants has fallen from 45 to 
25 per cent, and that of infants weighing less than 1000 gm. has fallen 
from 95 to 60 per cent. Almost all the deaths of treated infants in the 
latter group (under 1000 gm. birth weight) occur after the third day 
of age, some as late as 10 or 12 days. Further refinements of the 
metabolic therapy might well prove effective in such instances. During 
1960 our hospital was able to reduce its over-all hebdomadal premature 
infant mortality rate to 5.8 per cent for infants weighing 1000 to 2500 
gm., and to 9.2 per cent for infants weighing 500 to 2500 gm., less 
than half of our previous mortality rates. 


SUMMARY 


On the basis of 4 years’ observation of 150 infants with respiratory 
distress syndrome, the author has presented a clinical, electrocardio- 
graphic and biochemical picture of this condition. Much of the data 
which were accumulated to make up this picture are at present in 
preparation for publication, although the hyperkalemic electrocardio- 
graphic changes and the clinical findings are in print? or in press.* 

The concept of the disease that emerges is that of a specific patho- 
logic entity which originates in utero and is closely associated with 
prematurity itself; the clinical signs are present at the moment of birth. 
Although the predominant pathology is respiratory, the syndrome is 
complex, and the actual cause of death in many instances may be 
metabolic in nature. The associated acidosis and hyperkalemia are 
secondary phenomena, but the premature infant kidney seems to be 
unable to control them. 

Intravenous glucose and sodium bicarbonate therapy started from 
birth has proved to be an effective method of controlling acidosis and 
hyperkalemia, although not affecting the primary respiratory process 
itself. The associated reduction in mortality rate with this therapy is 
the best indication of the significant role of metabolic disturbance in 
this syndrome. 

The high degree of effectiveness of this therapy in prolonging—and 
often saving—the lives of immature infants who weigh less than 1000 
gm. suggests that the mechanism of death in many of these infants, too, 
may be acidosis and hyperkalemia rather than direct asphyxic anoxia. 


, Eprror’s Norte. This interesting and informative paper should be read with care, 
not only because of the new (for many readers) information presented, but also 
because it contains many unsupported or categorical statements with which a number 
of workers in the field of the newborn infant will take issue. Perspective on these 
statements may be gained if it is kept in mind that (1) they are made on the basis 
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of unusually careful observations, which, however, are limited as to place, time and 
duration of experience; (2) documentation is not attempted in this paper; (3) closer 
definition of terms such as “elective section” is necessary before broad application 
of Dr. Usher’s conclusions is warranted; (4) many widely accepted medical concepts 
are based on random and uncontrolled impressions which may be either confirmed 
or shown to be erroneous when repeated, careful observations, such as those of Dr. 
Usher, are made; (5) data can be interpreted in more than one way; (6) Dr. Usher 
himself has pointed out to me that many of his findings require confirmation by other 
investigators before they can be unconditionally accepted; (7) the formidability of 
the technical aspects of Dr. Usher's method of treatment is not apparent from his 
published reports. 
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RICHARD L. DAY, M.D. 


This contribution was written in 1960, and so the assignment implied 
in the title can be fulfilled only by discussing those developments which 
might in the future be capable of bearing fruit. Current opinion will 
also be taken up from the point of view of the author. The task has 
been simplified by recent comprehensive reviews.1 7% 24, 39 

All newborn infants have a temporary elevation of serum bilirubin.*? 
Jaundice frequently becomes visible, and in rare instances circumstances 
may conspire to produce kernicterus, especially in premature infants.* 4” 
The clinician wants the researcher to tell him what level of bilirubinemia 
is dangerous, what factors modify the action of bilirubin, and what the 
prospects are for a better way to prevent kernicterus than the use of 
exchange transfusions. At present these matters are not settled, but 
progress is being made. As is usual when new fields are opening up, 
not all investigators have identical opinions. 


THE CENTRAL ROLE OF BILIRUBIN 


Bilirubin is now established as the most likely cause of kernicterus,” * 
10, 12, 17, 21, 22, 34 though the precise mechanism through which it produces 
neurologic damage needs much elucidation. There are no conditions in 
the young accompanied by severe indirect bilirubinemia in which kernic- 
terus may not also develop. Likewise there are no conditions un- 
associated with jaundice in which a similar sequence of neurologic 
disturbances leads to death and in which, at autopsy, a similar derange- 
ment of microscopic anatomy may be seen; that is, there is no evidence 
for what might be called “anicteric kernicterus.” From the practical 
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point of view, the indictment of bilirubin is also supported by the fact 
that exchange transfusion therapy, if managed so as to prevent hyper- 
bilirubinemia, abolishes kernicterus. Other causes are still considered 
by some to be possible. 

It is true that in rare instances kernicterus occurs at low levels of 
serum bilirubin. Many of these have been associated with the admini- 
stration of sulfisoxazole,** a drug which simultaneously depresses the 
bilirubin level and increases the frequency of kernicterus. Others could, 
conceivably, be explained by interplay of factors discussed below. 


THE CAUSE OF PHYSIOLOGIC JAUNDICE 


Pediatricians are now familiar with the evidence that jaundice of the 
newborn is caused by a temporary failure of the liver to conjugate (i.e. 
“detoxify” ) indirect bilirubin. This has been reviewed by Yu and 
Aldrich.*® Conjugation with glucuronic acid is a necessary step before 
bilirubin can be excreted into the bile. The handicap is temporary, 
rapidly subsiding in a few days in term infants and lasting a day or so 
longer in those born prematurely. The close similarity of recovery time 
in infants of widely different conceptional ages shows that the enzymes 
are awakened by some adaptive process; adaptation is more descriptive 
of the phenomenon than maturation. 


IS THE JAUNDICE OF RH DISEASE MORE DANGEROUS THAN 
PHYSIOLOGIC JAUNDICE? 


Clinicians are seldom troubled by doubt.as to how to treat the infant 
suffering from erythroblastosis fetalis of Rh incompatibility. There is 
an association between increasingly high serum levels of bilirubin and 
the frequency of kernicterus.'7- 7 The investigations upon which this 
opinion is based were not, however, sufficiently complete to permit 
an accurate designation of a precise level which sharply separates safe 
from dangerous degrees of bilirubinemia. 

The most extensive report is that of Hsia et al.'7 These workers, as 
they-clearly state in their paper, did not draw blood at regular intervals; 
the highest level of bilirubin ‘in any given instance was not necessarily 
the peak value attained. Their figures, therefore, exaggerate the fre- 
quency of kernicterus in relation to bilirubin levels. Using the highest 
value which happened to be observed, they found the following: 


Hicuest BILiruBIN NuMBER OF NuMBER WITH 
Levet Founp—nc. % INFANTS KERNICTERUS 
31 or above 12 6 
16-30 50 9 


6-15 91 3 
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Operating in the opposite direction, i.e. in a way to bias the seeming 
outcome of the disease in a favorable way, was the method of examina- 
tion, which was one likely to permit the recognition only of gross 
abnormalities. Scrupulous studies of motor development and the use 
of sibling controls might have uncovered evidence of nervous system 
damage which escaped the inspections as they actually were made. 

The same criticisms hold for the report of Mollison.2*? He found that 
9 out of 16 infants with bilirubins recorded between 24 and 40 suf- 
fered kernicterus. In the range from 19 up to and including 24 mg. 
per 100 ml. there was one poor outcome out of 9. 

The studies of Gerver and Day't and Day and Haynes™ were also 
faulty in that peak bilirubin determinations were not ascertained. These 
studies did, however, show that routine inspection of a single infant is 
not sufficient to determine the presence or absence of minor degrees 
of residual handicaps. Only a careful study of many children, using 
methods that yield assessments in the form of numbers, along with 
study of a simultaneous control group can describe the outcome of the 
neonatal illness adequately. 

With regard to Rh disease it can then be said that in the range of 
bilirubin levels between approximately 19 and 25 mg. per 100 ml. the 
data do not permit one to gauge the danger accurately. Since exchange 
transfusion is a safe procedure, clinicians wisely set their standards, in 
most clinics, at about 18 to 20 mg. Should signs of kernicterus appear 
in any jaundiced infant, regardless of serum bilirubin level, it is the 
reviewer's opinion that treatment should be instituted at once; clear 
proof is lacking, however, that damage already present in such instances 
can be completely reversed. 

The time has now gone by when it would be ethically permissible 
to observe two groups of infants with Rh disease, one treated and the 
other not, in order to make the criteria now currently used more precise. 
The same statement cannot be made about physiologic jaundice of 
prematurity; more study is needed and is justified because exchange 
transfusion is not without some danger. 

There are theoretical reasons for imagining that the jaundice of Rh 
disease might be more injurious than other kinds. Abelson and Boggs? 
have shown that there is another pigment in the circulation when 
hemolysis is brisk. Though not positively identified, the pigment is most 
likely hematin bound to albumin. Hematin, a well known toxin, kills 
newborn rats and depresses tissue metabolism as does bilirubin.!° In 
its own right, hematin is potentially dangerous, though it has not been 
used in an attempt to produce “kernicterus” in experimental animals. 
Odell*? has indicated another and perhaps more important possibility: 
hematin competes with bilirubin for protein-binding sites and could 
displace it from this union. Such displacement in the case of sulfa 
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drugs has been shown to occur not only in the test tube,*" but also in 
the living, jaundiced rat.1° In both rats and premature infants the 
frequency of kernicterus is increased by administration of Gantrisin.1* %¢ 
The possibility that hematin actually acts in the same way as sulfona- 
mide in infants sick with severe erythroblastosis due to Rh incompati- 
bility has not been investigated. Hematin does not act synergistically 
with bilirubin in the test tube to depress the oxygen uptake of brain tissue 
in an additive way (unpublished personal observation). Since bilirubin 
does not depress tissue metabolism increasingly as the concentration 
rises above approximately 20 mg. per 100 ml., the failure of hematin 
to potentiate the depression could be used to support the argument that 
both drugs act upon the same enzymes. More work is needed to settle 
this point. 

The “Abrahamov-Diamond” effect could, theoretically, increase the 
likelihood of kernicterus in Rh disease.2 These workers showed that 
erythrocytes coated either in vivo or in vitro with anti-Rh antibody 
are inefficient carriers of oxygen. It is curious that this action of anti- 
body begins only some hours after coating of the cells. It could easily 
be imagined that coated red cells are less useful for supplying tissues 
with oxygen, and that metabolic depression initiated by bilirubinemia 
might be magnified. 

Whether these factors, or others, actually do promote the brain cell 
damage of hyperbilirubinemia is not known. For the reasons stated 
above, observations on human beings to answer these questions will be 
difficult to devise. 


KERNICTERUS AND PHYSIOLOGIC JAUNDICE 


Lucey”* has discussed the conflicting evidence that bears on the fre- 
quency of kernicterus among premature infants. His table summarizing 
eight published reports follows (p. 543). 

Three conclusions can be drawn from this table: (1) kernicterus 
occurs in the nonerythroblastotic jaundice of prematurity, and occurs 
more often in severely jaundiced infants than in others; (2) there are 
startling differences among the various centers, suggesting physician- 
induced potentiation of kernicterus or lack of comparability of bilirubin 
determinations from different laboratories; and (3) a critical level of 
bilirubinemia has not been precisely defined. 

All these studies were faulty in that the determination of outcome 
was insufficiently documented. Kernicterus is not an all-or-none affair. 
Superficial normality does not make it certain that no damage has oc- 
curred. Attempts have recently been made to carry out more extensive 
surveys using precise measures of motor and intellectual development. 
That of Heimer et al.?° is not completed, but the data so far gathered 
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show that there is slower development of premature infants who had 
high peaks of bilirubinemia compared with those who had low peaks. 
The infants were all Negroes. There were no outright examples of 
kernicterus; i.e. none of the infants would have been classified as clearly 
damaged, in all probability, by most clinicians. And yet there were 
minor handicaps which we.e statistically significant. ‘This was true only 
in male infants. The differences among females were not significant 
statistically. Of course, there is no way to predict now whether the 
additional data still to be accumulated will show that the handicaps 
will persist as the children mature. Further reports will be awaited with 
interest. 

Shiller and Silverman* have published a careful follow-up study of 
premature infants whose bilirubin levels were measured daily. They 
found no statistically substantiated association between level of peak 
bilirubin and subsequent evidence of neurologic deficit. The survey of 
each child included examinations by a neurologist, a psychologist and an 
audiometrist. There were, however, only 23 infants whose peak bilirubin 
levels rose above 18 mg. Failure to find evidence of damage in a small 
group of infants such as these is by no means equivalent to proving 
that none would occur in a larger series. In Mollison’s series of erythro- 
blastotic infants there was one case of kernicterus among the 9 infants 
in whom the bilirubin ranged from 19 to 24 mg. Since these were not 
peak levels, it is legitimate to compare these infants with Shiller and 
Silverman’s 23 infants. We do not know the highest levels reached 
among these 23, but it is not likely that more than one or two ex- 
ceeded the 24 mg. of Mollison’s 9 infants. There is no statistically 
significant difference between the finding of one out of 9 and none 
out of 23. 

A similar report is that of Mores et al.?8 They also concluded that 
there is no basis for the use of exchange transfusions for the treatment 
of jaundice in premature infants. Their data led this reviewer to a 
different conclusion. Thirteen per cent of the group with bilirubins 
above 25 mg. suffered kernicterus. Such an experience would fully 
justify exchange transfusion, though perhaps there may be reason in 
Mores’s clinic to raise the critical level upon which a decision to treat 
is based to 25 mg. per cent. 

Rapmund et al. have published data which look much like Mores’s.** 
They, too, found very little kernicterus, but they did have one case 
in an infant whose bilirubin rose to 25.1 mg. They had another case, 
that of an infant whose bilirubin rose only to 12.2 mg. Such a variation 
demands an explanation, but does not justify the conclusion that 
bilirubinemia is not important in the genesis of kernicterus. 

Holman"® as well as Bickel‘ is to be counted among the workers who 
fail to find evidence of a quantitative relation between jaundice and 
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kernictereus in premature infants. Their case material, even when 
combined, is small in comparison with the overwhelming numbers 
set forth in the table. Disproof of a theory requires data at least as 
numerous as those upon which the theory is based. 

From here on the truth can be arrived at only by some such device 
as a national registry of kernicterus, or by large, carefully studied case 
material like that of Heimer or Crosse or Shiller. Many investigations 
lose much of their seeming strength in view of the following statistical 
trap into which medical writers are all too prone to fall, and it is likely 
that some authors might not have published their series had their 
experience been the conventional one. Among all the clinics in the 
nation there are bound to be some experiences which are atypical. It 
is a disservice to medicine for anyone to publish material which, upon 
review of his case records, he finds to his surprise to be atypical. The 
situation is a bit like pool; you must call your shot to have it count. 
In scientific terms, one translates this as follows: retrospectively dis- 
covered surprises are only clues to further work; they are not invitations 
to publish. 


FACTORS WHICH MAY INFLUENCE THE DEVELOPMENT OF KERNICTERUS 


The variation in kernicterus rates found in reported series makes it 
desirable to seek factors which, in addition to bilirubin, may influence 
the development of brain damage in jaundiced subjects. 

Genetically jaundiced rats provide a tool for this exploration which 
has been exploited by Lois Johnson.’*: '® Observations of Johnson and 
her co-workers have yielded much that may in the future be applicable 
to premature infants. The Gunn strain of rats in the homozygous 
state lack glucuronyl transferase and therefore cannot excrete bilirubin 
through the normal pathways. The adult rats have an average serum 
indirect bilirubin level of about 8 mg. In the newborn period the 
jaundice may be more intense, and a little over half the young rats 
develop kernicterus. Factors which Johnson found might increase the 
tendency to kernicterus are infections, starvation, and medication with 
sulfadiazine, Gantrisin and salicylates. Male animals seemed to be more 
prone than female animals. Good general health and good nutrition 
lessened the tendency to kernicterus, as did also injections of albumin. 

A hypothesis to explain these observations can be constructed from 
the observations and speculations of Odell*! and Tuttle.** Bilirubin 
(indirect, unconjugated) is not soluble in plasma at a pH of 7.4, so 
that binding with albumin is necessary. If there is insufficient protein, 
or an excess of substances competing for binding, bilirubin cannot lurk 
harmlessly in the vascular compartment, and through means which are 
not clear, finds its way to tissue cells, including those of the brain. 
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Silverman** found that medication of premature infants with Gan- 
trisin (sulfisoxazole) caused an epidemic of kernicterus. The infants 
did not have especially elevated levels of bilirubin; in fact, the bilirubin 
was lower in the serum of the medicated infants. In the rats, Johnson'® 
found exactly the same response to the drug. In adult jaundiced rats, 
which do not develop kernicterus if they escape it as newborns, the 
bilirubin was depressed in the plasma within minutes of an injection 
of sulfisoxazole or sulfadiazine. Odell showed that these drugs displace 
bilirubin from its union with protein. He found several other organic 
anions to behave in a similar way. Again, the similarity between the 
test tube experiments and those performed on the rats was close. Sali- 
cylates, for example, increased the rate of kernicterus in young, jaun- 
diced rats to 100 per cent. The parallel work of Gerald Odell in the 
laboratory and Lois Johnson with jaundiced rats represents a milestone 
in pediatrics. 

Newborn rats have a very low level of serum protein. It is prior to 
their attainment of adult serum protein concentrations that kernicterus 
occurs. Johnson found that injection of albumin not only decreased 
the kernicterus rate significantly, but also, as would have been predicted 
from theory, raised the level of serum bilirubin.1* 

There are not only exogenous kernicterogenic factors, such as medi- 
cations, to be considered, but endogenous ones as well. In order to 
explain the increased kernicterus rate among rats suffering from infec- 
tions and diminished caloric intake, Johnson has invoked the theory 
that bilirubin is displaced from protein by unesterfied fatty acids 
(UFA) and ketone bodies. Starvation may lead to both ketosis and 
elevated UFA levels. In addition, starving rats have lower serum albu- 
min concentrations than normal. Direct observations to substantiate 
the theory have not been made except with respect to the level of 
serum protein, as mentioned above. Indirect evidence for endogenous 
factors has been adduced through the injection of unesterified fatty 
acids. These rapidly depress the serum bilirubin levels of adult jaundiced 
rats, thus imitating the action of sulfadiazine. To establish this intriguing 
theory, it will be necessary to measure all the pertinent substances in 
the case of the experimental animals and in premature infants. Should 
this theory be substantiated, it is apparent that another possible cause 
for variation in kernicterus rates among different nurseries will have 
been found. Research is needed upon the effect of different dietary 
regimens upon serum proteins, and other endogenous substances, 
especially fats and ketones. 

The list of substances which may influence the development of kern- 
icterus is already a long one. Well substantiated is the harm resulting 
from medication with vitamin K and sulfadiazine. The role of serum 
protein level seems securely established in the jaundiced rats, and it 
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is reasonable to presume that the same holds true for premature infants. 
Less well established, but strong contenders for the role, are fatty acids 
and ketones, which might vary in concentration with the state of 
nutrition and general health of the infants. Sex seems also to be im- 
portant, females being more resistant to injury. Lucey presents a list 
of other factors which require further study before their roles can be 
quantified. These are light, which Cremer et al. showed can reduce 
the level of serum bilirubin in vivo slightly, hormones, respiratory dis- 
tress," electrolyte balance, body temperature, and variations in the 
blood-brain barrier .5* 


TREATMENT 


Can any of the new facts be used to modify treatment? 

This reviewer would be reluctant at present to recommend a higher 
level of serum bilirubin than 20 mg. per 100 ml. as a criterion for ex- 
change transfusion. Contrary opinions and reasons for rejecting them 
have been reviewed. It would be desirable to make an individual de- 
cision on each patient. Based on the experience with rats, it seems likely 
that a thriving female who is eating well might withstand bilirubinemia 
better than a sickly male. The clinician, however, needs more than 
animal experimentation to back him up, and it is to be hoped that 
future studies will provide more secure data than are available at present. 

Since the injection of albumin lowers the kernicterus rate in rats, 
one might suppose that a similar treatment would do the same for pre- 
mature infants. Transfer of results and conclusions from one species 
to another is risky. Since exchange transfusion is a good treatment, no 
control study could be permitted which allowed any infant to suffer 
outright kernicterus. How, then, will it ever be possible to test a new 
treatment, be it albumin or some other chemical? One possibility 
might be to study only infants whose bilirubins are in the equivocal range 
of 15 to, say, 22 mg. Few, if any, obvious instances of damage would be 
expected, so that it would be necessary to study a large number of 
infants in careful detail for several years. Since there is not a zero mor- 
tality from exchange transfusion, such a study would be proper. It 
would, however, be elaborate and not certain to yield a significant 
answer. 

Odell®® has suggested combining the administration of albumin 
with exchange transfusion. The albumin may act as a sponge and, since 
it is removed during the procedure, help reduce the total body bilirubin. 
A decrease in the number of exchange transfusions required would be 
one benefit which could result from the procedure. As stated previously, 
injection of albumin into rats raises the serum bilirubin. In the absence 
of exchange transfusion, such an effect in premature infants would 
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require the establishment of new criteria for assessing the situation. 
This is a logical idea, but again, the effect to be measured, a lessening 
of the degree of brain damage, is one which can never be assessed, 
since brain damage is no longer permissible. Ernster and Zetterstrém** 
have suggested other substances which might influence the toxicity of 
bilirubin. Their work will be watched with interest. 

In any consideration of the indications for exchange transfusion in 
physiologic jaundice the risk of the treatment must be balanced against 
that of the disease. Unfortunately, no figures are available for this 
assessment under conditions necessitating that the procedure be under- 
taken by unskilled hands. In competent hands, however, Crosse® has 
shown that the danger is certainly less than 1 per cent when the indi- 
cation is jaundice alone. It would seem to this reviewer that those who 
lack skill should either acquire it or refer their patients to those who 
are competent. 


SUMMARY 


Indirect bilirubin is toxic, and kernicterus may occur in both uncom- 
plicated physiologic jaundice of prematurity and erythroblastosis fetalis, 
as well as in all other conditions associated with high concentrations 
of indirect bilirubin in the blood. There are theoretical reasons for 
surmising that the jaundice of hemolytic disease is more dangerous 
than that of prematurity, but observational data to prove the truth of 
such a supposition are not available, and could not now ethically be 
obtained except by large-scale and careful studies of the outcome in 
infants whose hyperbilirubinemia is moderate. Few such studies are 
under way. Retrospective surveys of the experience in any one clinic 
should not be published, because atypical results (atypical in the minds 
of the clinicians) might lead to an impulse to publish and thus intro- 
duce bias; only a national kernicterus registry, or prospective studies 
undertaken for the express purpose of assessing the danger of bili- 
rubinemia can be counted upon to provide an answer to the clinician’s 
question as to the exact indications for exchange transfusion. Other 
methods of treatment, such as the injection of albumin, are in the 
experimental stage, and clinicians should watch for the results, since 
exchange transfusion is time consuming, and not totally safe. To assess 
such new treatments will be difficult, because frank kernicterus should 
not now be allowed to occur. 

Experience with jaundiced rats and with infants shows that many 
factors may modify the toxicity of bilirubin. Among these are infection, 
caloric intake, medication, sex, maturity, light and the level of serum 


albumin. 
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ENDOCRINE PROBLEMS 
OF THE NEWBORN INFANT 


JACQUES R. DUCHARME, M.D. 


Throughout gestation the fetus lives in a r:-h environment of exogenous 
hormones supplied by the maternal organisn and the placenta. The 
presence of these hormones in the newborn’s circulation in diminishing 
quantities presents a stage of transition from a relatively dependent 
fetal existence to an entirely autonomous extrauterine life. Nevertheless 
immaturity of several enzyme systems persists for some time*® 1°¢ and 
accounts for many of the physiologic limitations characteristic of the 
neonate. 

Since most of the endocrine disorders of the newborn period result 
from disturbances of the normal fetal environment, an attempt will 
be made to consider these disorders in the light of the basic physiology 
of the fetus and to review the recent advances which have contributed 
to our better understanding of the physiologic characteristics of the 
newborn infant. 


ANTERIOR PITUITARY GLAND 


It is generally accepted that secretion by the anterior pituitary gland 
of its tropic hormones is regulated by the levels of the circulating 
hormones from specific target glands and by stimuli from the hypo- 
thalamus. 

In the fetus and the newborn infant, information about pituitary 
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function is scanty. From Jost’s fetal hypophysectomies in experimental 
animals* ®° and studies of human anencephalics,®:1#° cyclopia,®? 
apituitary fetuses!*: *4.143 and infants with hypoplasia of the pituitary 
gland,**: 58. 182 jt appears that the fetal pituitary is essential for normal 
development of certain target organs. These subjects have shown con- 
sistently hypoplasia of the adrenals, the gonads and frequently the 
thyroid, suggesting that maternal tropic hormones do not reach the 
fetus in sufficient concentration to be physiologically active. Since 
Reid'** has found the presence of Leydig cells in an apituitary newborn 
infant, however, it is probable that sufficient placental chorionic gon- 
adotropins can enter the infant’s circulation to stimulate the interstitial 
cells of the testes.?® 73 


GROWTH HORMONE 


From recent experiments and available information there is accum- 
ulating evidence that growth of the fetus and newborn infant is rela- 
tively independent of the action of pituitary growth hormone. It has 
been shown in experimental animals** and man*: '!° that neither the 
maternal nor the fetal pituitary gland is essential for body growth in 
utero. Furthermore, excessive production of maternal growth hormone, 
as in acromegaly, has failed to influence the growth rate of the off- 
spring.? 8° 

Recently Ducharme and Grumbach*® have reviewed the subject of 
growth hormone in relation to fetal and neonatal growth and have 
studied the effect of exogenous human growth hormone on the pre- 
mature infant. The Raben preparation used in this study,'*! despite 
having shown highly potent biologic activity in normal adults! and 
hypopituitary dwarfs,*? has been relatively ineffective in premature in- 
fants.*® There is a normal concentration of growth hormone in the 
plasma of premature infants,*® and perhaps they are stimulated maxi- 
mally by endogenous sources of growth hormone. Parenthetically, it is 
unlikely that growth hormone is responsible for the macrosomia ob- 
served in infants born to diabetic mothers. 


POSTERIOR PITUITARY 


The relation between the posterior pituitary antidiuretic hormone 
(ADH) and the inability of the newborn infant to excrete concentrated 
urine is still disputed. Edelmann et al.5! have obtained evidence that 
the failure of the young infant to produce concentrated urine is not 
related primarily to differences in permeability of the tubules to water 
in response to ADH, but rather to other factors. Since the posterior 
pituitary of the newborn infant contains ADH,* and since the hormone 
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is detectable in the urine after fluid deprivation before three days of 
age,* it appears that the neurohypophysis is functional from the early 
days of life. 

When unexplained dehydration occurs in the neonatal period, a 
defiency of ADH or resistance to its peripheral action should be con- 
sidered. Diabetes insipidus, both of the hereditary vasopressin—deficient 
and nephrogenic types, has been described in the newborn period.?*: % 
Infants with this disorder have presented with the classic picture of 
polydipsia and polyuria and have responded to water restriction with 
fretfulness, vomiting and fever. Dehydration may rapidly ensue, leading 
to hyperelectrolytemia, convulsions and coma. Treatment consists in 
providing large amounts of water and limiting the solute load*® in 
the diet of patients with the nephrogenic variety and giving exogenous 
Pitressin to the vasopressin-responsive cases. Recently Crawford et al.®® 
have reported interesting results with drugs of the chlorothiazide series, 
and these drugs may prove useful in treatment of nephrogenic diabetes 
insipidus. Despite some difficulty in handling throughout infancy, if 
brain damage from hypernatremia can be avoided, with proper therapy 
the prognosis is excellent. 


THYROID 


From observations in anencephalic monsters, apituitary fetuses and 
newborn infants with hypoplastic pituitary glands, it is probable that 
maternal thyrotropin does not reach the fetal circulation in any signifi- 
cant concentration. This postulate is in agreement with the contention 
of Aron,’ Nikitovitch and Knobil'** and Peterson and Young,'** who 
have studied the placental transfer of TSH in experimental animals. 
There is some evidence, however, that a thyroid “activator” may cross 
the placental barrier, since hyperthyroid mothers have been known to 
give birth to thyrotoxic infants.5 9 105, 113, 153 

Grumbach and Werner®® have demonstrated that thyroid hormone 
crosses the placenta, but the low rate of transfer is insufficient to protect 
the fetus from hypothyroidism; this is evidenced by delayed osseous 
maturation at birth and, frequently, by prenatal brain injury when there 
is a severe deficiency of fetal thyroid function. The rate of transfer 
may be sufficient, nevertheless, to delay appearance of clinical signs and 
symptoms of thyroid hypofunction in the offspring. 

Thyroid function has been demonstrated in the fetus. Hodges et al.87 
and Yamazaki et al.17® have shown that the thyroid can concentrate 
radioactive iodine at 12 to 14 weeks of fetal life. The latter investi- 
gators have also obtained evidence of organic iodine synthesis by 15 to 
19 weeks of gestation.1™® 

At birth the thyroid gland is well developed, somewhat hyperemic, 
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and contains adequate colloid, which is released within a few days.*® 
Van Middlesworth?® reported that the I'*! uptake of the newborn 
thyroid was elevated to “values which would be found in hyperthyroid 
adults.” More recently Martmer et al.!** and Ogborn et al.!*? have 
obtained results which are at variance with this study and have reported 
values in the normal adult range. The protein-bound iodine (PBI), 
however, is also in the normal range at birth, or slightly elevated,*®: 1°° 
but reaches a peak within the hyperthyroid range between one and 
four days of age.*’ Since the infant’s thyroxin-binding protein (TBP) 
is also higher than in the adult,!** most of the hormone is probably not 
physiologically active. 

There is also evidence that the pituitary-thyroid axis is well es- 
tablished in the neonate. Indeed, DiGeorge et al.** have found detect- 
able TSH activity in a 9-day-old normal full-term infant having a 
serum PBI concentration of 10.5 mg. per 100 ml. 


CONGENITAL HYPOTHYROIDISM (CRETINISM) 


Congenital hypothyroidism may be classified according to etiology: 


A. Embryonic defect of development 
1. Complete (athyreosis ) 
2. Partial 
B. Defective synthesis of thyroxin (goitrous) 
C. Deficiency of iodine (endemic) 
D. Maternal ingestion of goitrogens (thiouracil derivatives, iodides, etc.) 


Embryonic Defect of Development 


In nonendemic regions the most common type of congenital hypo- 
thyrodism is the athyreotic variety. Although placental transfer of 
thyroxin may delay its clinical recognition, suggestive findings may be 
present in the neonatal period. In an interesting retrospective study 
Lowry et al.1!® have outlined the clinical signs and symptoms present 
in the neonatal period which should arouse suspicion of cretinism to 
the keen observer. These are respiratory embarrassment, dry skin, thick 
tongue, hoarse cry, umbilical hernia, prolonged icterus neonatorum and, 
occasionally, the presence of a goiter. These symptoms were present 
in various combinations during the first month of life, and their recog- 
nition might have permitted earlier diagnosis and treatment. 

There is accumulating evidence that auto-immunization may play 
a role in thyroid disease.'®: 1® Blizzard et al.*° have obtained evidence 
that thyroid antibodies and cytotoxic factors produced by the mother 
may reach the infant’s circulation across the placental barrier and be 
responsible for congenital hypothyroidism. Other factors can affect 
the fetal thyroid, and Sterling and Gardner’®® have studied a case of 
cretinism resulting from maternal treatment with [?*', 
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Defective Synthesis of Thyroxin 


Goitrous cretinism, due to an inborn error of metabolism in the syn- 
thesis of thyroid hormone, has a high familial incidence.** Although 
hypothyroidism is frequently manifested early, in most instances the 
goiter becomes conspicuous only some years later. 


Deficiency of lodine 


This variety has only historical interest in most regions since the wide- 
spread use of iodized salt. 


Maternal Ingestion of Goitrogens 


Goitrogens taken during pregnancy may cause neonatal goiter which 
may be accompained by transient hypothyroidism. It will be discussed 
under Neonatal Goiters. 


Treatment 


In an effort to prevent congenital hypothyroidism, Carr and associates”® 
administered thyroid hormone to pregnant women who had previously 
given birth to cretins. If thyroxin levels can be sufficiently increased 
in maternal serum, enough hormone may be transferred across the 
placenta to prevent intrauterine thyroid deficiency. This approach may 
also play a role in minimizing auto-immunization. Indeed, these infants 
showed no clinical, chemical or radiologic evidence of hypothyroidism 
at birth. 

Once the diagnosis of congenital hypothyroidism is made on clinical 
grounds, supported by a low PBI, low [?*! uptake and radiologic evi- 
dence of delayed osseous maturation, treatment should be started with- 
out delay. It has been demonstrated clearly that the earlier therapy 
is initiated, the better is the prognosis for mental development.'®* 
Even though triiodothyronine has the advantage of achieving clinical 
euthyroidism more rapidly, for long-term treatment desiccated thyroid 
remains the drug of choice. 


NEONATAL GOITERS 


After maternal ingestion of antithyroid drugs? 5* 1% or iodides,?? 15° 
and in regions of endemic iodide deficiency, the lack of iodide or the 
placental transfer of sufficient amounts of thyroid-blocking agents may 
impair the ability of the fetal thyroid to synthesize hormone." In an 
effort to compensate, the secretion of TSH by the fetal pituitary is 
increased, leading to thyroid hyperplasia. These infants usually are 
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euthyroid at birth, but occasionally they may manifest mild transient 
hypothyroidism. Elphinstone** and Morris'*! each reported a case of 
myxedema in a newborn infant following maternal treatment with 
propylthiouracil during pregnancy; spontaneous recovery occurred. 

There are also cases of congenital goiters in which no definite etio- 
logic factor can be incriminated.®* 1° 

Neonatal goiters may be of sufficient size to cause stridor, dyspnea 
and cyanosis, and may constitute a serious threat to the infant’s life. 
In such circumstances an emergency surgical resection of the thyroid 
isthmus may be required, since tracheotomy alone will not prevent the 
fatal outcome. Triiodothyronine will induce a regression of the goiter, 
but not rapidly enough to ensure relief when the respiratory obstruction 
is life-threatening. 

In congenital goiters resulting from goitrogens, once the blocking 
agent is removed, considerable amounts of thyroxin may be released 
into the circulation from the hyperplastic gland. The infant may go 
into a typical thyrotoxic crisis which mimics congenital thyrotoxicosis. 
Several such cases have been observed at the Babies Hospital in New 
York, in infants whose mothers had received iodides for asthma during 
pregnancy. 


CONGENITAL THYROTOXICOSIS 


A typical thyrotoxic state, manifested by extreme restlessness, irritabil- 
ity, diarrhea, tremor and occasionally cyanosis, has been observed in 
infants born to thyrotoxic mothers.” 9, 1%. 113, 153 Usually this occurs 
in infants born to hyperthyroid mothers who have received inadequate 
therapy during pregnancy. The infant is unduly alert, the thyroid gland 
is conspicuously enlarged, and frequently exophthalmos is present. The 
pulse and respiratory rates are increased. The serum PBI and [**! 
uptake are elevated, and often x-ray films and the electrocardiogram 
show cardiac enlargement. 

The etiology of congenital thyrotoxicosis is intriguing. There is evi- 
dence that the exophthalmos-producing factor and TSH are different 
substances.”: 47: 12° Since TSH does not seem to cross the placental bar- 
rier in significant amounts, it would appear that both an exophthalmos- 
producing substance and a “thyroid activator’ reach the fetal circula- 
tion. Thyroxin itself cannot be incriminated as a cause of the newborn’s 
thyroid enlargement. Exophthalmos without symptoms of hyperthyroid- 
ism has been reported in an infant whose mother was thyrotoxic,!® 
and an infant with congenital thyrotoxicosis has also been born to a 
mother rendered hypothyroid from thyroidectomy.’ 

Treatment of neonatal thyrotoxicosis or of a thyrotoxic crisis consists 
in establishing an artificial block with antithyroid drugs which can then 
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be gradually withdrawn. In this respect iodide, in the form of Lugol’s 
solution or sodium or potassium iodide, is effective and particularly 
useful because of its rapidity of action. Small doses of propylthiouracil 
may also be used, and sedation may be necessary to control some of 
the symptoms while the blocking agents are introduced. 


PARATHYROIDS 


Aberrations of parathyroid function in the newborn infant are con- 
cerned chiefly with hypoparathyroidism. It is important to recognize the 
resultant hypocalcemia, since it may produce a variety of seemingly 
unrelated signs as well as classic tetany. 

At least four types of hypocalcemia, secondary to either actual or 
functional hypoparathyroidism, have been recognized in the neonate. 
These are (1) “first day hypocalcemia,” (2) tetany of the newborn, 
(3) tetany resulting from maternal hyperparathyroidism, (4) idiopathic 
hypoparathyroidism and pseudohypoparathyroidism. 

Two groups of workers*®: ** have studied so-called first-day hypocal- 
cemia. Such nonspecific signs as respiratory difficulty, cyanosis, ab- 
dominal distention or edema, in addition to twitching or seizures on 
the first day of life, may point to the existence of the hypocalcemia. 
The depressed serum calcium level is more common in premature 
infants, or is frequently associated with some complication of pregnancy 
such as maternal diabetes, placenta praevia or premature separation 
of the placenta. The exact relation of “first-day hypocalcemia” to para- 
thyroid function, to the various complications of pregnancy and to the 
nonspecific signs mentioned is at present poorly understood. 

Classic tetany of the newborn ordinarily appears somewhat later in 
the newborn period, usually between 7 and 21 days of age. It too can 
produce the aforementioned nonspecific signs in addition to hyper- 
tonicity, twitching and convulsions. Current theories as to causation 
invoke the combination of a transient, perhaps physiologic, period of 
hypoparathyroidism® * © with neonatal renal inefficiency in the clear- 
ance of phosphorus."!® These factors permit an increased concentration 
of serum phosphorus to develop when the large phosphorus load of 
undiluted cow’s milk is fed to young infants. Since a serum phosphorus 
level can be determined rather quickly, a concentration above 7 mg. per 
100 ml. would lend credence to the diagnosis long before the serum 
calcium level may be available. 

An occasional case of tetany of the newborn may be associated with 
maternal hyperparathyroidism.1** 168 For this reason the mothers of 
all infants with tetany should have determinations of their serum cal- 
cium and phosphorus levels. 

Finally, idiopathic hypoparathyroidism and pseudohypoparathyroid- 
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ism, which ordinarily have their onset in later childhood, may, on rare 
instances, present symptoms beginning in early infancy.’** 

The treatment of hypocalcemia in the newborn period, regardless 
of the cause, consists chiefly in the proper use of calcium salts.® In 
emergencies a 10 per cent solution of calcium gluconate may be ad- 
ministered intravenously at a rate not to exceed 1 ml. per minute. 
Careful observation for bradycardia should be made during the injec- 
tion, and great care should be given to prevent leakage of the solution 
into surrounding tissues. 

For more prolonged therapy oral administration should be initiated 
with calcium chloride. This salt should be diluted to a 1 or 2 per cent 
solution in the formula and should be administered in a dose of 1.5 
to 3 gm. daily. It should not be continued for longer than 48 hours 
because of its acidosis-producing properties. Therapy can then be con- 
tinued with either calcium lactate or gluconate in doses of 3 to 6 gm. 
daily. Parathyroid hormone and phosphorus-absorbing agents are rarely 
necessary in the therapy of the foregoing types of hypocalcemia. 

Parathyroid hyperfunction in the newborn infant has not been re- 
ported. The syndrome of idiopathic hypercalcemia, which at present 
has not been related to parathyroid function, has not been described 
in infants under one month of age.1!* ; 


ADRENAL GLANDS 


At birth the adrenal cortex is large and consists primarily of the fetal 
zone, which rapidly involutes and disappears.1°* Despite repeated at- 
tempts by a number of investigators, definition of the precise function 
of this transient zone has not been achieved. Bloch et al.'* obtained 
evidence of androstenedione, dehydroepiandrosterone and 11 -hydrox- 
yandrostenedione synthesis early in gestation, and Solomon et al.’ 
have demonstrated that the fetal zone can convert progesterone to 17- 
hydroxyprogesterone and androstenedione. Both the fetal cortex and 
the adult cortex are capable of synthesizing hydrocortisone, corti- 
costerone, compound § and pregnenolone when incubated with C' 
acetate.1® Even though it is established that synthesis of hormones by 
the fetal adrenal can take place in vitro and that the enzymes necessary 
for conversion of progesterone to hydrocortisone are present early in 
fetal life,4°? there is no direct evidence that synthesis actually takes 
place in vivo. Gardner,®? Lanman’*: °° and Benirschke et al.!* have 
postulated that the fetal zone of the cortex is maintained by placental 
chorionic gonadotropins until the twentieth week of gestation, and then 
by an L.H--like fetal pituitary hormone under the influence of chorionic 
estrogens. There is evidence, however, to suggest that ACTH is essential 
for the development and maintenance of the fetal zone. It is absent 
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in newborns with apituitarism, some anencephalics, and in instances 
in which the mother was given large amounts of corticosteroids during 
pregnancy (unpublished data of M. M. Grumbach and W. A. Blanc). 

Gardner,® Klein,!°? Migeon’*> and others have reviewed our knowl- 
edge of adrenal function in the newborn infant. After vaginal delivery 
and indicated cesarean sections the 17-hydroxycorticosteroids (17- 
OHCS) in umbilical vein blood are present in normal adult concentra- 
tion, while lower values are found in elective cesarean sections.1** Low 
levels of plasma 17-OHCS have been reported in infants two to five 
days of age.*°* Since these steroids are in considerable concentration 
in maternal plasma at term and cross the placental barrier, it would 
appear that the cord levels are mainly a reflection of maternal 17- 
OHCS.*: 128, 129 In addition, the low values reported during the first 
week of life! were obtained by methods which were not highly specific, 
and since significant amounts of interfering chromogens are present,!*° 
these results should be re-examined with more specific techniques. Klein 
and Rovnanek!®* found an adequate plasma 17-OHCS response to 
surgery and to administration of ACTH at three days of age, while 
Gottfried et al.®* reported a variable response in urinary corticoids. 
Colle et al.*° found no elevation in urinary 17-OHCS following major 
surgery or ACTH during the first week of life. 

Recently studies on the peripheral metabolism of 17-OHCS in the 
newborn infant have brought some clarification to this problem. 
Bongiovanni et al.2? and Grumbach et al.*® have shown that the rate 
of disposal of exogenous hydrocortisone (compound F') is delayed in 
the neonate. Since reduced metabolites of compound F, tetrahydrocor- 
tisone (THE) and tetrahydrohydrocortisone (THF) were degraded at 
a normal rate, it appears that the major metabolic impairment may 
involve reduction of the A 4-3 ketone moiety rather than conjugation 
with glucuronic acid. However, since several authors have found that 
proportionately more 17-OHCS are excreted in the free form during 
this period,7® §*. 162 jt would seem that the conjugating mechanism is 
also deficient. The enzymatic deficiency responsible for the delayed 
disappearance of exogenous hydrocortisone is a relative one, however, 
since Cranny et al.*® have found a normal half-life of F, using much 
smaller doses. 

There are a number of factors, renal and hepatic, which may influ- 
ence the degradation of hydrocortisone, and the reader is referred else- 
where for a complete discussion.?® *75 It is worth while mentioning, 
however, that estrogens or progesterone, which are transmitted to the 
infant in high concentration,* *?** may be related to the prolonged 
turnover rate of hydrocortisone, since estrogens are known to affect 
catabolism of this steroid in adults.*® *- 147 Other mechanisms are 
possible, such as the presence of inhibitors of enzymes,®: '° in addition 
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to different pathways of degradation as suggested by Ulstrom et al.,1® 
who have isolated 6-8-hydroxycortisol as the major metabolite of corti- 
sol in the neonate. 

One factor which is of interest is the finding of Sandberg and Slaun- 
white!*® that the corticosteroid-binding protein (transcortin) of new- 
born plasma is low in contrast to pregnancy plasma. The significance 
of this is uncertain, but it may partially explain why newborn infants 
remain in complete homeostasis despite low 17-OHCS, since it is the 
unbound steroid which is physiologically active. 

The level of 17-ketosteroids is elevated in cord and newborn plasma 
during the first few days of life.!** !°7 It is possible that slow excretion 
of placentally transferred maternal 17-ketosteroids accounts for this find- 
ing,** 1°? but it may also result from different rates or pathways of 
metabolism of corticosteroids.!°? Nevertheless an increase in production 
of 17-ketosteroids can be induced by stimulation with ACTH during 
the first week of life.18 

The conclusion to be drawn from the preceding data is that, despite 
limitations, the adrenal cortex at birth is able to cope with the usual 
problems of the neonatal period, and there is no evidence that a state 
of true adrenal insufficiency, as suggested by Jaudon,® is present. 


CONGENITAL VIRILIZING ADRENAL HYPERPLASIA 


Congenital virilizing adrenal hyperplasia is a genetically determined 
inborn error of metabolism related to an enzymatic defect in hydro- 
xylation of hydrocortisone precursors. The genetic aberration, which is 
present in 0.8 per cent of the white population, is consistent with an 
autosomal recessive mode of transmission and results, in the homo- 
zygous person, in a progressive virilizing condition. The minimum 
incidence of this disease has been estimated at approximately one in 
every 50,000 live white births.?® 

There are three major varieties of congenital virilizing adrenal hyper- 
plasia, all of which result in progressive virilization: (1) with virilization 
alone; (2) with an associated electrolyte-regulating defect; (3) with 
associated hypertension. A fourth variety, which is extremely rare, is 
associated with hypoglycemia.!®® Within families in which more than 
one sibling is affected, only one form of the disorder is found.*® In 
the first two varieties an inborn error of metabolism involving hydro- 
xylation of the steroid molecule at carbon 21 is present,*? while the 
form with hypertension is associated with an 11-8-hydroxylase defi- 
ciency.!® The net result of these relative deficiencies is a decrease in 
production of hydrocortisone, initiating an increased secretion of ACTH 
by the fetal and newborn pituitary. The ACTH-stimulated adrenals 
will then, from early in gestation, respond with an increased production 











JACQUES R. DUCHARME 561 


of androgenic steroids, leading to progressive virilization of the off- 
spring. Since these androgens are secreted during sexual differentiation, 
the condition in the female will lead to ambisexual development and 
female pseudohermaphroditism (see below).** In the male, however, 
unless a sibling is also affected or unless an associated salt-losing state 
is present, the diagnosis is rarely suspected in the newborn period. 
Pigmentation, which is present in only a small percentage of cases, 
easily escapes recognition. 

The electrolyte-regulating defect, encountered in 30 per cent of 
cases, manifests itself characteristically about the second to fourth 
weeks of life, in many instances by a typical addisonian crisis. The in- 
fant rapidly displays fretfulness, irritability, vomiting, dehydration and 
weight loss, leading to cardiovascular collapse and shock. The diagnosis 
is confirmed by the presence of hyponatremia, hyperkalemia and an 
increased urinary excretion of 17-ketosteroids and pregnanetriol. Treat- 
ment consists in giving cortisone, desoxycorticosterone acetate (DOCA) 
or 9-e fluorohydrocortisone and salt.** Cortisone arrests virilization in 
all forms of the disease and controls hypertension in the hypertensive 
variety. In young infants the use of intramuscular cortisone is preferred 
and, in addition, implantation of DOCA pellets and oral administration 
of sodium chloride if an electrolyte-regulating defect is present."* This 
mode of therapy gives results which are more predictable and provides 
an extra element of security in case of illness. 


ADRENAL INSUFFICIENCY 


A salt-regulating defect, associated with virilizing adrenal hyperplasia, 
is the most frequent cause of adrenal insufficiency in the neonatal 
period. Hypoplasia of the adrenal glands, however, presumably related 
to failure of the adult cortex to develop after involution of the fetal 
zone, has been reported in newborn infants.8* 11, 15°.158 Atrophic adren- 
als have also been found in cases of hypoplasia of the pituitary,’ 5°: 152 
apituitary fetuses’*: *4- 43 and anencephalic monsters.®: 14° Several other 
conditions such as pyloric stenosis, cystic fibrosis of the pancreas and 
milk allergy can mimic adrenal insufficiency, but urinary steroid deter- 
minations and serum electrolytes will establish the diagnosis of adrenal 
insufficiency. Treatment is similar to that used in adrenal hyperplasia 
with a salt-losing defect. 

Adrenal hemorrhage, usually associated with difficult delivery, mater- 
nal diabetes, hemorrhagic diathesis or anoxia, is frequently an autopsy 
finding. Patients have been described that have survived, however, with 
adequate replacement therapy.5® §* Minor bleeding in the adrenals at 
birth is not rare and usually has no clinical significance, but it may lead 
to calcific deposits which will be discovered fortuitously on roentgeno- 
grams of the abdomen. 
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PANCREAS 


Although true diabetes mellitus is rare in infancy, a few cases have 
been reported with onset as early as the newborn period.'?: 1° 175 An- 
other variety of diabetes mellitus occasionally encountered in the neo- 
natal period® 55. 9, 9%, 111, 115, 157 js jndistinguishable from true diabetes 
mellitus clinically and biochemically, but differs from it by its transient 
nature and complete recovery within a few days to months. This syn- 
drome, transient diabetes mellitus or neonatal pseudodiabetes, is char- 
acterized by irritability, vomiting, weight loss and cachexia. The blood 
sugar is elevated, and glycosuria without concomitant ketonuria is 
present. Insulin resistance is characteristic. Some of the cases are asso- 
ciated with infection,” inflammatory phenomena,'*? gangrene! 1° or 
meningeal hemorrhage.*® 

The etiology of this syndrome is still poorly understood. Several 
hypotheses have been formulated, the most likely being that of a toxic 
effect on the immature pancreas.* In the cases studied no hereditary 
background of diabetes was discovered. In view of the relative insulin 
resistance and absence of ketosis reported, Priscilla White ascribes this 
transient state of diabetes mellitus to a stresslike or steroid type of re- 
action.'7® The absence of ketosis, however, is not unexpected, since 
newborn infants rarely, if ever, respond with ketosis. The absence of 
pathologic material makes adequate study of this disease difficult at 
present. 


HYPOGLYCEMIA 


Asymptomatic transient hypoglycemia is frequently encountered in the 
neonatal period,*! 1*5 particularly in infants born prematurely.1** Des- 
mond*! suggested that neonatal hypoglycemia may represent a transi- 
tion from fetal metabolism primarily concerned with storage to an 
extrauterine metabolism requiring carbohydrate breakdown for energy 
production. Cornblatt et al.87 have demonstrated that the incidence of 
neonatal hypoglycemic seizures is increased in toxemia of pregnancy. 
Infants of diabetic mothers frequently manifest hypoglycemia with a 
fall in blood sugar that is more rapid and pronounced than that in 
normal newborns.®® 

Spontaneous idiopathic hypoglycemia as described by McQuar- 
rie!*?. 149 has occasionally been reported with onset in the newborn 
period. Cochrane et al.** found that a number of these infants exhibit 
hypoglycemia after administration of leucine.- Recently Grumbach and 
Kaplan* have shown that these patients also respond similarly to iso- 
leucine and the keto acid of leucine, a-ketoisocaproic acid. These sub- 
stances caused a rapid elevation in the concentration of plasma 
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insulin.”* The etiology of hypoglycemia in the remaining group remains 
obscure. Treatment consists in raising the blood sugar level with ACTH 
or cortisone, in an attempt to prevent the threat of hypoglycemia to the 
developing brain. Although extremely rare, pancreatic tumors'®* and 
glycogen storage disease!** have been reported as being responsible for 
hypoglycemia in the neonate. 


GONADS 


Three and a half per cent of newborn males have one or both testes 
undescended at birth. Nevertheless 50 per cent of these undescended 
testicles will reach the scrotal position within the first month. The 
newborn testis contains Leydig cells which disappear within the neo- 
natal period and do not reappear until puberty.7° Since Leydig cells 
have also been present in a case of apituitarism,'** it would appear 
that the fetal testis is stimulated by exogenous sources, probably chori- 
onic gonadotropins.”® 

From histologic sections,'** the human ovary also shows evidence of 
stimulation by chorionic gonadotropins. The finding of engorged breasts 
and galactorrhea, frequently encountered in both sexes after birth, and 
the estrogenic effect on the external genitalia of the female infant, are 
related to transfer of estrogens from the mother; but other factors may 
contribute to the galactorrhea. These changes can be produced experi- 
mentally by estrogen administration to newborn animals and to infants 
slightly past the neonatal period.*® 151 


HERMAPHRODITISM AND PSEUDOHERMAPHRODITISM 


Our understanding of human sexual anomalies has been clarified within 
the past few years by the discovery of Barr and associates’ of a rela- 
tively simple method of assessing chromosomal sex, and more recently 
by chromosomal analysis in tissue culture. 

The physiology of sex determination and sex differentiation has been 
extensively reviewed, and the reader is referred elsewhere for a complete 
discussion.” 78: 174 In normal circumstances a chromosomal mechanism 
will induce differentiation of the bipotential gonad into either a testis 
or an ovary. Sexual differentiation will then proceed, involving succes- 
sively the genital ducts, the urogenital sinus and the external genitalia. 
Functional integrity of the fetal gonad seems essential for normal differ- 
entiation of the accessory sex structures in the male." % Jost® has 
showed that the absence of testis at a crucial period of sexual differenti- 
ation will lead to development of entirely female accessory sex struc- 
tures. Partial fetal testicular insufficiency will result in various degrees 
of ambisexual development from hypospadias to entirely female pheno- 


type. 
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TABLE 14. Classification of Female Pseudohermaphroditism 





I. Androgen-induced 


Fetal source 
A. Congenital virilizing adrenal hyperplasia 
1. Virilism only (defective adrenal 21-hydroxylation ) 
2. Virilism with hypertension (defective adrenal 11-hydroxylation) 
3. Virilism with salt-losing syndrome (defective adrenal 21-hydroxyla- 
tion +7) 
Maternal source 
A. Virilizing ovarian tumor 
B. Iatrogenic 
1. Testosterone and related steroids 
2. Certain synthetic oral progestins (and ? progesterone and stilbestrol) 
Undetermined source 


II. Other teratogenic factors 
Nonhormonal disturbances in the differentiation of urogenital structures 





Courtesy of Dr. M. M. Grumbach.72 


Female Pseudohermaphroditism 


A classification according to etiology, proposed by Grumbach,” can be 
seen in Table 14. These individuals are chromosomal females and have 
ovaries and female genital ducts, but ambiguous external genitalia. 

By far the most common cause of female pseudohermaphroditism is 
virilizing adrenal hyperplasia. In this disorder exposure of the female 
fetus to endogenous androgenic substances at a critical stage of embryo- 
genesis can arrest female differentiation of the urogenital sinus and 
external genitalia and lead to masculinization of the lower genital tract. 
All degrees of ambisexual development can be present, from isolated 
clitoral enlargement to complete fusion of the labioscrotal folds, in- 
cluding a phallic urethra.** Once the diagnosis is confirmed, treatment 
with cortisone will arrest progressive virilization, and plastic reconstruc- 
tion of the external genitalia between one and two years of age will 
result in a fairly normal sexual phenotype. 

Masculinization of the female infant has occurred in association with 
a maternal ovarian tumor.”*: 8 Most instances of nonadrenal female 
pseudohermaphroditism have been iatrogenically induced, however. 
Grumbach and Ducharme™ have recently reviewed the problem of 
androgen-induced female pseudohermaphroditism associated with ma- 
ternal exposure to testosterone and related steroids during pregnancy. In 
view of the deleterious effect of these compounds upon the outcome of 
pregnancy in experimental animals®* and the lack of evidence of any 
beneficial effect in man, the risk of masculinizing action upon the female 
fetus makes their use entirely unwarranted. Similarly, semisynthetic 
progestins have been implicated by Wilkins et al.,!7? Grumbach et al.*8 
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and others as masculinizing agents of the female fetus. It is recom- 
mended that their use be limited to those compounds which are proved 
to be effective in maintaining pregnancy while presenting little risk for 
the infant. Recently Bongiovanni et al.?° have called attention to di- 
ethylstilbestrol as a possible masculinizing agent in certain instances. 
As for progesterone itself,** 17? the evidence implicating this steroid is 
inconclusive. 

It appears that the degree of masculinization of the female infant 
is directly related to the amount of androgenic substances to which the 
developing fetus is exposed, and particularly to the exact timing and 
duration of the exposure. If such exposure occurs before the thirteenth 
week of gestation, it may lead to varying degree of labioscrotal fusion, 
while its effect after this time is limited usually to clitoral enlarge- 
ment**: 172 It must be kept in mind, however, that nonendocrine phe- 
nomena acting on the genital structures may also result in pseudoher- 
maphroditism.”* 





Male Pseudoh hroditism 


Pr 


There are five distinct categories to which most of these cases can be 
assigned (Table 15). 

SYNDROME OF Feminizinc Testes. In the neonate the presence of 
masses in the labia or inguinal regions of a phenotypic female infant 
should alert the physician to the diagnosis of this genetically deter- 
mined condition.*!: 78.17! A negative chromatin pattern (male) will be 
found, and laparotomy will confirm the absence of a uterus and the 
presence of testes. Since these defective testes will secrete estrogens at 
puberty, it may be wise to delay orchidectomy until feminization has 
been achieved. 

Orner Forms. Our knowledge of etiology in other forms of male 
pseudohermaphroditism is meager. The reader is referred elsewhere for 


TABLE 15, Classification of Male Pseudohermaphroditism 





1. Variant of chromatin-negative gonadal dysgenesis 

2. Syndrome of feminizing testes 
a. Complete—female external genitalia 
b. Incomplete—ambiguous external genitalia 

3. With female ducts and male external genitalia 

4. With nonvirilizing lipoid adrenal hyperplasia, adrenal insufficiency and female 
external genitalia 

5. With congenital anorchia or vestigial testes and hypoplasia of the external 
genitalia 

6. Other forms 





Courtesy of Dr. M. M. Grumbach.?2 
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Fig. 5. Newborn infant with gonadal dysgenesis and a negative (male) chromatin 
pattern. Note the nonpitting lymphangiectatic edema of the extremities. (Courtesy 
of Dr. M. M. Grumbach: Pediatrics, Vol. 20.) 


a complete discussion.** However, a diagnosis of anorchia must be con- 
sidered in a cryptorchid newborn infant with a hypoplastic phallus, and 
laparotomy should be resorted to, since it is sometimes best to assess 
a sex of rearing at variance with the chromosomal sex in some of these 
infants. 


Syndrome of Gonadal Dysgenesis (Turner’s Syndrome) 


Gonadal dysgenesis may be suspected in a newborn female if one or 
more of the following anomalies is present: a typical facies with under- 
developed chin and mandible, high arched palate, webbing of the neck, 
shieldlike chest with unduly spaced nipples and microthelia, cubitus 
valgus and coarctation of the aorta. A characteristic nonpitting lym- 
phedema of the extremities is present in a number of such patients 
from birth (Fig. 5). 7 8! 145 Eighty per cent are chromative negative 
(male type nuclei), and recently an XO chromosome karyotype has 
been reported in the chromatin negative cases®® and in one chromatin 
positive case.*° 


True Hermaphroditism 


These patients have both ovarian and testicular tissue and exhibit vari- 
ous degrees of ambisexual development."*: '™! The chromatin pattern 
may be either positive (female) or negative (male). The diagnosis can 
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be made with certainty only at laparotomy, with biopsy of the gonads 
The sex of rearing is assigned according to the appearance of the exter- 
nal genitalia and, when possible, the sex of the salvageable gonad.'*8 


DIAGNOSIS OF INTERSEXUALITY 


Figure 6 outlines a diagnostic approach proposed by Grumbach, which 
is most useful in cases of ambisexual development. This useful guide 
to diagnosis will allow the alert physician who is cognizant of the major 
diagnostic features described to arrive at a definite assessment of sex. 
Indeed, intersexuality calls for a precise diagnosis early in the neonatal 
period. This permits establishment of a permanent sex of rearing and 
avoids the psychologic trauma to parent and child associated with 
dubious sex and lack of an established gender role. 
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NEUROLOGIC CONDITIONS IN THE 
NEONATAL PERIOD 


Diagnosis and Management 


RICHMOND S. PAINE, M.D. 


EXAMINATION 


The newborn infant can to a certain extent be examined for state of 
the cranial nerves, motor and sensory function, and reflexes, using the 
methods applicable in the neurologic examination of adults. Much of 
the testing must be done by observation alone, however, and “normal” 
responses are naturally different for many items. The postural reflexes 
and automatisms peculiar to the newborn period may also be exploited 
for purposes of examination. The techniques and responses have been 
most conspicuously discussed by Peiper’®? and by André-Thomas.? A 
discussion in English with illustrative photographs has recently ap- 
peared,'*! and a motion picture on the subject is available in the United 
States.* The technique of examination and the normal responses will 
therefore not be reviewed here, but the examination will be considered 
briefly as to the cardinal signs which ought to alert the physician to 
the need for diagnostic or therapeutic measures in the immediate new- 
born period. 

From the Department of Pediatrics, Harvard Medical School, and the Department 
of Medicine, Children’s Hospital Medical Center, Boston, Mass. 

Supported in part by a grant (No. B-2400) from the National Institute of Neuro- 
logieal Diseases and Blindness, U.S. Public Health Service, Department of Health, 
Education and Welfare. 


* From Churchill-Wexler Film Co., 801 North Seward, Los Angeles 38, California. 
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Fig. 7. Setting sun sign of the eyes, in hydrocephalus in this instance. The sign is also 
seen in the presence of increased intracranial pressure of other causes, particularly 
hemorrhage or meningitis in the newborn, and also in kernicterus. It occurs, however, 
in many normal prematures and ir a few normal full-term infants, but never to the 
degree illustrated. 


Obvious Anomalies and Malformations 


Inspection of the infant may reveal obvious defects such as hydro- 
cephalus or microcephaly, meningocele or encephalocele, tufts of hair 
or dimples over the spine, and others. 


Examination of the Head and Neck 


Besides examining the head for obvious anomalies, one should consider 
its appearance from the point of view of possible craniosynostosis. ‘There 
may be obvious signs of trauma such as bruises, cephalhematoma or 
depressed fractures. The tension of the fontanel, and separation and 
tension of the sutures are the major signs of increased intracranial 
pressure; others include vomiting, head retraction, abnormal cry, dilated 
fixed pupils, and downward displacement of the eyes (the “setting 
sun sign’”!*7. 188) (Fig. 7). If the posterior fontanel is tense and ex- 
tremely large compared to the anterior, one may suspect a cystic mal- 
formation or obstruction of the ventricular system in this region. 
Opisthotonos is the most important sign of meningeal irritation in 
the newborn period and may be due to meningitis, intracranial hemor- 
thage, kernicterus or to less specific abnormality of the central nervous 
system. Meningitis is frequently “silent:” the neck may not be stiff, and 
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the Kernig sign, straight leg raising and other signs are unreliable in 
neonates. A “sick-looking baby” is the major clue. 

Palpation may furnish a diagnostic clue** to occlusion of the carotid 
artery, a rare anomaly to be borne in mind.*" 1° A Horner syndrome 
may be present.®” 


Cranial Nerve Signs 


Blindness may sometimes be suspected from continuous, disorganized, 
roving eye movements or from failure of the pupils to react to light. 
The following of objects is extremely variable with maturity or state 
of wakefulness and is not constantly present. Opticokinetic nystagmus 
may be used as a criterion of vision if the apparatus of Gorman, Cogan 
and Gellis*® is available. 

The size of the pupils and their reaction to light have already been 
mentioned as criteria of increased intracranial pressure, although in- 
equality may also be due to cervical sympathetic paralysis or congenital 
anisocoria. Ptosis may reflect a third nerve or sympathetic paralysis or 
the Marcus Gunn phenomenon,” a harmless congenital anomaly in 
which the lid is automatically elevated in rhythm with movements of 
the jaw in sucking. If ptosis is bilateral and not otherwise explained, it 
should make one think urgently of myasthenia gravis (see p. 601). It 
may be possible to evaluate the extraocular movements by observation. 
The internal and external recti may be tested readily by rotational 
vestibular stimulation®® (Fig. 8). This should be a standard part of a 
neonatal neurologic examination. Sixth nerve paralyses are by no means 
rare and are immediately obvious in this maneuver. Forced deviation 
of the eyes without the quick component of nystagmus, if the infant is 
reasonably awake, is suggestive of a depression of central nervous system 
function which may have a variety of causes.?* 

Absence of one or both corneal reflexes is most commonly due to 
facial nerve paralysis or less often to corneal anesthesia. Facial nerve 
paralysis is usually complete and of the peripheral type and thus obvious 
if the infant is crying. It may, however, be harder to detect if the face 
is at rest. 

Hearing may be tested by startle reaction or blink to loud noise, 
but the response is variable and must be tested a number of times 
before one can conclude that it is lacking. An absent response is more 
often a part of a general depression of central nervous system activity 
than due to deafness. 

The gag reflex and elevation of the palate should be checked, and 
observation as to swallowing is even more important. A hoarse cry with 
inspiratory stridor may suggest injury to the recurrent laryngeal nerve. 
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Fig. 8. Upside-down position in which newborn is best held for testing eye move- 
ments in response to vestibular stimulation by rotation. Alternately one can hold the 
infant upright with the head inclined forward about 30 degrees from the vertical, but 
this necessitates holding it above the examiner’s head in order to see the eyes. It is 
usually easier to keep the baby quiet, but alert, with the eyes open, if the upside-down 
position is used. 


One should obviously look for torticollis, but it is practically always 
of muscular rather than neural origin. 

Pinching the nostrils will result in opening of the mouth and slight 
elevation of the tip of the tongue, permitting the detection of a uni- 
lateral hypoglossal paralysis. Fasciculations of the tongue should be 
looked for. They may be visible only on the under side and must be 
distinguished from synchronous tremor of the tongue as a whole. If 
confidently observed by an experienced examiner, however, they are 
almost pathognomonic of congenital spinal muscular atrophy (see 
p. 602). 


Mofor System 


PostuRE AND SPONTANEOUS MoveMeEnts. The posture of the infant at 
rest may be striking, as in opisthotonos or its converse, the pithed frog 
posture of spinal paraplegia or spinal muscular atrophy (Fig. 9). The 
posture in brachial palsy is also highly characteristic (Fig. 10). It must 
be distinguished from that of hemiparesis, although the latter is rarely 
evident in the newborn period unless it is due to acute cerebral insult 
(Fig. 11). Disuse of one arm is of course more commonly due to injury 
to the shoulder joint, clavicle or humerus. 

Muscie Mass, Power and Tone. By palpation one may get a sensa- 
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tion that the limbs are entirely composed of bone and fat with prac- 
tically no musculature, raising suspicion of spinal muscular atrophy or 
congenital dystrophy. 

Muscle power should be tested by observation, manipulation or with- 
drawal to pinprick. One must distinguish general from localized weak- 
ness and both from analgesia if testing is done with a pin. Paralysis 
of a normal muscle mass on palpation implies a recent as opposed to 
a long-standing lesion. 

Muscle tone at rest can be appraised by palpation. More important 
are the degree of resistance to movement by the examiner, the rebound 
when his manipulation is suddenly checked, and the range of motion 
of the joints. Abnormal limitations of motion may be due to arthro- 
gryposis, but congenital contractures also occur in spinal muscular 
atrophy and in congenital muscular dystrophy. General flaccidity and 
rigidity are obviously major signs, but within these extremes the varia- 





Fig. 9. Pithed frog position of the limbs in birth injury of the spinal cord at C 7. 
Respirations are diaphragmatic with bulging of the abdomen and retraction of the 
chest on inspiration. Note the abnormal posture of the arms because of unopposed 
action of the deltoids and biceps. 
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A B 
Fig. 10. A, Right upper brachial palsy of Erb type showing typical posture of arm. B, 
Lower right brachial palsy of Klumpke type. Note flexion at wrist. A Horner syndrome 
is also present because of sympathetic paralysis. Ptosis and enophthalmos are obvious, 
although the size of the pupils cannot be compared in this photograph. 


tion of normal is considerable. Not too much should be made of minor 
differences unless they are asymmetric. 

CoorpinaTion. Coordination is not testable except by observation 
and by the automatisms discussed below. Cerebellar hypoplasia may 
produce a type of ataxic “cerebral” palsy in later childhood, but is 
rarely if ever evident in the newborn period.”* 

NeonataL AuToMatisMs. The tests and their interpretation have 
been reviewed elsewhere.*: 1°! 1°? Those to be expected in practically 
all normal full-term infants include the blink response to light, the 
sucking and rooting reactions, the Moro reflex, the traction response, 
the palmar and plantar grasp, and trunk incurvation. Absence of even 
one of these should arouse suspicion, and abnormality or asymmetry 
of several warrants the physician’s careful consideration, although the 
situation may be transient and also may be of limited prognostic impli- 
cation. The normal newborn varies more from one occasion to another 
than do children of any other age, and a “routine neurologic examina- 
tion” is inadequate unless atypical findings are rechecked on subsequent 
occasions. In the smaller prematures one expects only the blink reaction 
to light, trunk incurvation and some degree of the Moro reflex. Other 
automatisms which are usual in full-term newborns, but less disturbing 
if absent, include activity in the prone posture, stepping and placing, 
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Fig. 11. Right hemiparesis is clear from abnormal posture of arm, fisted hand, and 
paucity of spontaneous movement compared with other side. Changes in reflexes and 
muscle tone may be minimal in the first few weeks of life unless the hemiplegia is an 
acute one resulting from natal or neonatal mishap. 


crossed extension in response to manipulation of the foot, and the 
straightening reactions (positive supporting, redressement du tronc). 
Tonic neck reflexes are usually not consistent in the newborn, and it 
is doubtful whether they can be pathologically produced before the 
age of one month. 

INVOLUNTARY Movements. Convulsions, general or localized, are the 
most important type of involuntary movement, and require immediate 
treatment and a variety of diagnostic measures (see p. 598). Some 
newborns show a type of hyperkinesis both at rest and particularly in 
response to stimuli, which must be distinguished from normal “‘jitteri- 
ness” on the one side and convulsions on the other. It is closest in 
nature to myoclonus and may be a sign of diffuse neuronal disease.!** 
In the newborn period one should think particularly of postanoxic 
encephalopathy and then of certain rare metabolic conditions such as 
maple syrup urine disease.** 


Reflexes 


The conventional tendon jerks may be unobtainable if the baby is 
hypertonic or very active, but can usually be demonstrated on one or 
another occasion. Their exaggeration or absence, or particularly their 
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asymmetry, require investigation. The triceps jerk, however, is usually 
suppressed by the predominant flexor tone of the limbs. The ankle 
jerk is also hard to obtain, but can usually be elicited by tapping the 
Achilles tendons when the baby is prone. As many as a dozen beats of 
ankle clonus may be normal. The plantar responses are usually of no 
clinical value in the newborn period. 


Sensation 


Sensation can be tested only by the criterion of movement of various 
parts of the body in response to touch or pinprick. The latter is the 
more reliable, but since the examination must be interrupted as soon as 
vigorus crying is produced, mapping an area of analgesia may require 
multiple examinations. Universal analgesia is usually the result of gen- 
eral depression of the central nervous system, but congenital indifference 
to pain is a known entity. 


Autonomic Function 


Autonomic function is hard to evaluate in the newborn. Occasionally, 
disturbances of micturition or defecation are obvious; the tone of the 
anal sphincter may be tested digitally and the anocutaneous reflex tested 
with a pin. In the presence of transverse lesions of the spinal cord, 
sweating and the triple response to scratch (blanch—flare>wheal) 
are often abnormal below the level of the lesion, but may be either 
exaggerated or diminished. Their testing may be useful if attempts to 
demonstrate a sensory level are unsatisfactory. 


SPECIAL DIAGNOSTIC TESTS 


Roentgenograms of the Skull and Spine 


X-ray studies of the spine and skull are indicated if there are musculo- 
skeletal abnormalities or cutaneous ‘lesions suggesting underlying bony 
defect. As a criterion of increased intracranial pressure, however, x-rays 
of the skull are of much less value than palpation of the fontanel. 
Intracranial calcifications usually appear later than the newborn period. 


Electr é ph I gram 





The electroencephalogram is of limited value, since its interpretation 
in the newborn is still difficult and subject to debate. Convulsions at 
this age can be managed adequately without recourse to the elec- 
troencephalogram. The electroencephalogram is also of limited 
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value in the investigation of suspected localized intracranial lesions, 
since asymmetry is normal in the newborn period, particularly during 
sleep. 


Funduscopic Examination 


Funduscopic examination is to be considered a special test in the 
newborn, since it requires considerable time, the use of mydriatic drops, 
a fairly dark room, and the assistance of a nurse. The state of the optic 
discs is of limited value because the open fontanel delays the develop- 
ment of papilledema. The optic discs of young infants are normally 
pale, and optic atrophy may be erroneously suspected. The presence of 
myelinated nerve fibers radiating out from the discs may give a false 
impression of papilledema. Retinal hemorrhages are frequent in new- 
borns, particularly prematures, if sufficiently thorough examination is 
carried out. They are often, however, more obvious in the presence of 
intracranial hemorrhage. 


Transillumination 


Transillumination of the head should be carried out upon every infant 
suspected of neurologic abnormality. A strong flashlight fitted with a 
light-tight rubber seal should be used in a totally dark room. Transil- 
lumination furnishes valuable clues of hydrocephalus, porencephaly, 
hydranencephaly (Fig. 12) and fresh subdural hemorrhage (by suppres- 
sion of the normal slight halo about the flashlight in the last-men- 
tioned). Most cases of hydranencephaly show no obvious clinical signs 
of abnormality in the neonatal period.™ 


Lumbar Puncture 


Lumbar puncture is indicated in the majority of newborns with any 
definite or suspected abnormality of the central nervous system. There 
are relatively few contraindications aside from infection of the skin 
area through which the needle would have to pass. Even if the fontanel 
is full, there is relatively little danger of herniation at the tentorium 
or foramen magnum because the decompressing action of the fontanel 
is usually adequate unless its bulging is already extreme. Signs of hernia- 
tion, approaching or already present, such as a dilated fixed pupil, 
would indicate a ventricular rather than a lumbar puncture. The tech- 
nique of lumbar puncture is not greatly different from that applicable 
to older infants, but the percentage of bloody taps and of inability to 
obtain any fluid at all is considerably greater, even in experienced hands. 
Sometimes one can successfully obtain fluid with a sharp no. 24 hypo- 
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Fig. 12. Abnormal total side-to-side transillumination of head in hydranencephaly. 
(Courtesy of Dr. Philip Dodge, Massachusetts General Hospital. ) 


dermic needle, even after several attempts with the smallest available 
standard lumbar puncture needles have failed. Not more than 5 cc. 
should usually be removed, especially if the puncture is performed with 
the infant in a sitting position. 

The spinal fluid of the newborn may normally be slightly xantho- 
chromic, and the total protein is relatively high. Protein contents of at 
least up to 125 mg. per 100 ml. are probably in the normal range, al- 
though the number of studies carried out on normal newborns is 
naturally limited.® 124 141 It appears probable that the protein content 
is normally somewhat higher in jaundiced infants.1** There has been 
some debate as to the frequency with which red blood cells may be 
encountered even in clean taps in babies without clinical suggestions 
of subarachnoid hemorrhage. This phenomenon doubtless does occur, 
howevér, particularly in prematures.''. 14 


Cisternal Puncture 


Cisternal puncture may be a useful means of obtaining spinal fluid 
for examination if lumbar puncture cannot be achieved, particularly 
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after numerous unsuccessful or bloody taps. In the newborn, distance 
between the dura mater and the medulla is small, and cisternal puncture 
should not be attempted by the inexperienced. Ventricular puncture 
may be safer (see below). 


Ventricular Puncture 


Ventricular puncture may be indicated because of acute intracranial 
pressure, particularly if the pupils are dilated and react poorly to light. 
It is also indicated if there is a bulging fontanel and no spinal fluid 
can be obtained by lumbar or cisternal tap. This situation suggests 
obstruction at the foramen magnum or at the foramina of the. fourth 
ventricle, which may be due to hemorrhage or more frequently to infec- 
tion (ependymitis or meningitis). 

The technique of ventricular puncture is not difficult, but the pro- 
cedure should preferably be carried out by a neurosurgeon. Nevertheless 
the indications described earlier will sometimes arise in a desperately 
ill baby at times when and places where a neurosurgeon is not available, 
and the procedure then falls in the proper province of the pediatrician, 
neurologist or general practitioner. 


The head is shaved and prepared and the scalp entered in approximately the same 
procedure and location as for a subdural tap. Many neurosurgeons use a blunt-tipped 
brain needle introduced through a sharp needle of larger diameter passed as far as 
through the dura; any other physician called upon to carry out the procedure will 
probably have to use an ordinary lumbar puncture needle, which should be of about 
no. 21 gauge and not less than 1% inches long. The needle is inserted through the 
coronal suture 1 to 1% inches lateral to the sagittal midline and in any event at least 
\ inch lateral to the corner of the fontanel. One may attempt to enter the top of 
the lateral ventricle by inserting the needle perpendicular to a plane tangent to the 
skull at the point of entry. Another approach is to aim for the bridge of the nose 
and hope to enter the anterior horn of the lateral ventricle. The operator should 
check for the possibility of subdural blood or fluid first, in every instance, and then 
pass the needle deeper, withdrawing the stylet and reinserting it about every 4 inch, 
to a maximum depth of 1 to 1% inches. If ventricular fluid is not obtained after 
one pass in each of the directions mentioned on either side, the procedure should be 
abandoned, and one can usually conclude that the ventricles are at least not signifi- 
cantly dilated. A bulging fontanel would under such circumstances usually be due to 
cerebral edema. One would naturally tap first on the side of a single dilated pupil 
or of a unilateral cranial nerve paralysis, but such signs may be misleading, and 
bilateral taps should be done if the first side is negative. 


Subdural Taps 


Subdural taps are carried out in the same manner as described for 
ventricular puncture except that the needle is passed only as far as the 
subdural or subarachnoid space, to a depth of less than % inch. A 
sudden release of resistance is usually felt as the dura is punctured. It 
should be mentioned, however, that subdural hemorrhage is rare in the 
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newborn period, and subdural taps at this age are rarely indicated except 
for localizing neurologic signs or signs of increased intracranial pres- 
sure. There is definite danger of producing subdural or subarachnoid 
hemorrhage with the needle and at least a theoretical danger of produc- 
ing a meningocerebral scar, since the procedure in fact constitutes a 
“penetrating head injury.” It must be acknowledged, however, that a 
history of subdural puncture is probably not obtained disproportionately 
often in older children with epilepsy. 


Ventriculography 


Ventriculography may be indicated in the newborn if there is evidence 
pointing to cystic or other intracranial anomaly, to neoplasm or to 
obstruction of the ventricular system. If one’s suspicion is less specific 
and merely of “cerebral dysgenesis” or of a “bad baby,” ventriculography 
is not urgent in the newborn period and is best deferred until later. 
Satisfactory ventriculograms may usually be made with a fairly small 
bubble of air, and total replacement of fluid should not be done if the 
ventricles are greatly dilated. The procedure is properly one for a 
qualified neurosurgeon. Lumbar or cisternal pneumonencephalography 
should not be carried out in newborns because of the danger of produc- 
ing subdural hemorrhage or effusion.!** 


Chemical Determinations 


Chemical determinations on the blood and urine may be indicated, 
chiefly to rule out extracerebral causes of convulsions or of depressed 
central nervous system function. The most useful blood tests are for 
sugar, calcium, phosphorus, phosphatase and nonprotein nitrogen. The 
protein-bound iodine may be determined if cretinism is suspected, 
although this is rarely recognizable in the neonatal period. The phenylal- 
anine content of the blood should be measured in any infant having 
a sibling suffering from phenylketonuria. Although the manifestations 
of this disease are pleomorphic, the diagnosis cannot be made clinically 
in the newborn period.°? The appearance of phenylpyruvic acid in 
the urine lags behind the rise in phenylalanine in the blood, and testing 
of the urine is therefore useless in the newborn period.*: * There are 
several methods for determining phenylalanine in the blood;*: 7 15° 
all are relatively complicated, but it should usually be feasible to send 
a sample of plasma or serum to some laboratory engaged in research in 
this field. In infants showing convulsions, vomiting or depressed nervous 
system function not otherwise explained, one should test the urine for 
the possible presence of galactose and amino acids. Such babies will 
also be obvious candidates for future tests for other genetic biochemical 
defects as yet undocumented. 
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MANAGEMENT OF SPECIFIC NEUROLOGIC CONDITIONS IN THE 
NEONATAL PERIOD 


CONGENITAL ANOMALIES 
Meningocele and Meningomyelocele 


A cutaneous defect is immedately obvious. If the baby is fortunate, 
the defect may consist only of meninges. More often, however, the 
involvement of nervous tissue (meningomyelocele) may be confirmed 
by the presence of paralysis and anesthesia in the legs or deformities 
such as club feet, or by absent anal sphincter tone and anocutaneous 
reflex. The involvement of neural tissue may be demonstrable by in- 
spection or by transillumination of the sac with a flashlight. Babies 
with meningoceles may require immediate referral to a neurosurgeon for 
operation if the overlying skin is thin or ulcerated, or if the sac is leak- 
ing or ruptured. Otherwise, operation is not urgent and is usually better 
deferred until the skin is tougher, the bowel movements more regular 
so as to lessen the danger of postoperative contamination, and the 
adequacy of the patient’s cerebral development more definite. Large 
sacs should not be removed until adequacy of circulation of the cerebro- 
spinal fluid is confirmed or established in some way. There is some 
variation of opinion about the advisability of operation on meningo- 
myeloceles in early infancy. Decision would seem to depend largely on 
the extent of neurologic deficit in the legs and sphincters, the severity 
of the frequently accompanying or developing hydrocephalus, and the 
patient’s mentality. All these factors can usually be adequately evaluated 
only with increasing age. In the meantime it is feasible to care for the 
sac by covering it with a perforated plastic film (Cilkloid) covered by a 
doughnut-type of cotton dressing wrapped with gauze.* 


Encephalocele 


Encephalocele usually requires early operation, and neurosurgical con- 
sultation should be obtained as soon as possible. 


Other Craniospinal Anomalies 


The presence of dimples, sinus tracts, anomalous tufts of hair, or other 
cutaneous lesions should make one suspect a dermoid or similar lesion, 
which may have an intracranial or intraspinal extension, or may be 
associated with a communicating tract soon to lead to meningitis. 
Appropriate x-ray studies should be carried out, although a defect in 
bone may not be readily demonstrable. In the spine, x-rays may reveal 
a spicule of bone from the posterior vertebral surface, dividing and fix- 
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ing the dura and cord (diastematomyelia). The various conditions just 
described usually warrant prompt neurosurgical consultation. If, how- 
ever, there is no evidence of sinus tract, dermoid or diastematomyelia, 
but only a spina bifida occulta, neither myelography nor early surgery 
would need to be considered, and one should merely examine the baby 
periodically for possible appearance of abnormal neurologic signs. 







Fig. 13. Premature synostosis of the sagittal suture produces a narrow head elongated in 
the anteroposterior dimension. 


Fig. 14. Premature synostosis of both coronal sutures produces a broad head with short- 
ened anteroposterior diameter (brachycephaly ). 
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Hydrocephalus 


Hydrocephalus occasionally may be obvious from the size of the head 
at birth. Serial head measurements are of paramount importance in 
evaluation of suspected hydrocephalus and should of course be routinely 
recorded. In addition to abnormally rapid rate of growth (crossing from 
lower percentile lines on a graph to higher ones), continued growth of 
an already abnormally large head requires attention, even if the curve 
is parallel to the normal one. Other early signs include fullness of 
the fontanel, prominence of the forehead, prominent scalp veins, and 
the “setting sun sign” of the eyes. The underlying cause may be ob- 
struction (as from tumor, atresia or other anomaly) or imbalance 
between cerebrospinal fluid production and reabsorption (most often 
interference with reabsorption following hemorrhage or infection, but 
sometimes cryptogenic). The earliest possible investigation and defini- 
tive neurosurgical treatment (Torkildsen procedure for obstructive 
hydrocephalus, Holter valve or uretero-arachnoidostomy for communi- 
cating hydrocephalus) are required to achieve optimal results. 


Craniosynostosis 


Premature closure of one or more of the cranial sutures may be present 
at birth and should be recognized in the neonatal period if the condition 
is suspected and careful physical and roentgenographic examinations are 
carried out. Since normal head growth does not occur at right angles to 
any suture which is prematurely fused, certain characteristic deformities 
become evident. These may not be as striking at birth as they are with 
further head growth (Figs. 13, 14). Asymmetry of the head with flattening 
of one occiput and prominence of the forehead on the same side is 
most often positional in infants of several months of age, but unusual 
asymmetry in the newborn, if not due to molding at birth and if one 
whole hemicranium is smaller, should suggest plagiocephaly due to 
premature synostosis of one coronal suture (Fig. 15). These problems 
require early neurosurgical consultation for possible craniectomy, since 
mental deficiency and optic atrophy are otherwise possible end-results. 

A rarer abnormality is trigonocephaly, in which there is early intra- 
uterine closure of the metopic suture along which a prominent bony 
ridge may be felt, leading to a triangular-shaped head when seen from 
the top, with a narrow anterior fossa.*° Rarely, microcrania may be due 
to premature synostosis of all the sutures of the skull, a situation 
amenable to neurosurgery. Almost always, however, the small size of the 
head is due to undergrowth of the brain (primary microcephaly) (Fig. 
16). Palpation and, more reliably, x-ray studies will confirm that the 
fontanel and sutures are open, even though less prominent than normal 
for the baby’s age, and that craniectomy is thus not applicable. Micro- 
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Fig. 15. Only the right coronal suture is prematurely closed in this instance, produc- 
ing smallness of the right hemicranium in the anteroposterior dimension. This must 
be distinguished from plagiocephaly, in which the hemicrania are equal, but skew. 





Fig. 16. Primary microcephaly is by far the commonest cause for microcrania as in 
this example. Inadequate growth of the head results from inadequate stimulus from 
the growing brain; the sutures and fontanel are open, although diminished in size and 
prominence. The condition is to be contrasted to primary microcrania based on synos- 
tosis of all sutures, a rare condition amenable to neurosurgery, whereas the commoner 
primary microcephaly is not. 
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cephaly can be defined as more than three standard deviations below the 
average head circumference for age, but the apparent size of the cranial 
vault should also be considered. The degree of retardation can usually be 
determined only by passage of time; early motor milestones may be 
normal. 


TRAUMA 
Skull Fractures 


Skull fractures, if depressed, should be elevated as soon as possible. 
Nondepressed fractures, however, do not usually require neurosurgical 
attention unless they are compound, and a great many linear fractures 
doubtless escape recognition. The possibility of associated intracranial 
hemorrhage should of course be considered. 


Intracranial Hemorrhage 


Intracranial hemorrhage may be epidural, subdural, subarachnoid, intra- 
ventricular or intracerebral. Epidural hemorrhage is rare in the newborn 
and usually results from rupture of the middle meningeal artery or of 
veins near the sigmoid sinus. It is often associated with a fracture 
through the middle fossa, but in young infants can occur with forcible 
separation of cranial sutures without fracture. The clinical manifesta- 
tions are of rapidly increasing intracranial pressure, and the condition 
is of course an acute neurosurgical emergency. 

Subdural hemorrhage is commoner, but also infrequent in the new- 
born. Unless it is massive, its management is less urgent. The major 
clinical signs are increased intracranial pressure together with lateraliz- 
ing neurologic signs such as contralateral hemiparesis or ipsilateral 
cranial nerve signs. (In infancy beyond the newborn period the signs are 
less specific.) Retinal and intraocular hemorrhages are common. Once 
the diagnosis is made by subdural taps, it is usually desirable to remove 
not more than 10 to 15 cc. at a time. The taps are repeated daily for 
one to two weeks or until dry, if sooner. In some cases blood or blood- 
stained fluid continues to be removed, usually indicating a chronic 
subdural effusion or “hematoma,” a situation requiring neurosurgical 
intervention. 

Subarachnoid hemorrhage has long been known to occur in association 
with prolonged labor and traumatic delivery and is probably most often 
based on tears in the tentorium or falx so as to rupture a vessel or 
dural sinus.®: 27-5 It is rarely if ever due to ruptured arterial aneurysm 
in the newborn and thus is not an indication for arteriography. Large 
cortical arteriovenous malformations have been reported as productive 
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of neurologic abnormalities in the newborn period, but are not subject 
to surgical treatment at this age. The diagnosis of subarachnoid hemor- 
thage is usually easily established by lumbar puncture. Sometimes re- 
moval by this route of 10 or 15 cc. of bloody spinal fluid will be 
followed by striking improvement in the clinical condition of the infant. 
The head may shrink by a centimeter or more in circumference and 
the fontanel become soft or sunken rather than bulging. Decompression 
by this method appears to be safe and without significant danger of 
tentorial or foramen magnum herniation. There is, however, wide dif- 
ference of opinion® about the desirability of repeated lumbar puncture 
once the diagnosis is established. If the head enlarges and the fontanel 
bulges and the condition of the infant deteriorates, it is reasonable to 
perform lumbar puncture once or even twice daily as long as the fluid 
remains grossly bloody and if the baby’s state improves after the pro 
cedure. It is more debatable, however, whether cerebral atrophy fron. 
pressure or ischemia is thereby prevented. In any event, many infants 
with neonatal subarachnoid hemorrhage turn out to be subsequently 
normal. Commonly one is no longer able to obtain fluid by lumbai 
puncture after a few days and is then forced to consider cisternal or 
ventricular puncture. The possibility of subsequent hydrocephalus due 
to interference with flow or reabsorption of cerebrospinal fluid is also 
to be borne in mind. 

Intracerebral hemorrhage may be massive, owing to rupture of the 
deep cerebral vessels such as the great vein of Galen. The condition is 
often fatal, and little can be done about it unless localizing neurologic 
signs plus signs of pressure point to a single surgically accessible intra- 
cranial clot. Even if this is documented, the condition of the infant 
is usually such as to make operative mortality extremely high. Smaller 
multiple or petechial intracerebral hemorrhages may result from kinking 
and obstruction of venous return or from suction effects associated with 
changes in pressure during uterine contractions,'!® but are probably 
more often the result of anoxia. There appears to be no treatment avail- 
able aside from general supportive measures. 

Intraventricular hemorrhage is particularly common in prematures, 
and a rapid fall in hematocrit or hemoglobin level not otherwise ex- 
plained may be a diagnostic clue. 


Injuries of the Spinal Cord 


Injuries of the spinal cord occur almost entirely in breech deliveries, 
although rarely a vertex delivery with impaction of the shoulders and 
forcible traction applied to the head will result in injury to the spinal 
cord. Injuries to the brachial plexus and spinal cord are often associated, 
and bilateral brachial palsy is probably always accompanied by some 
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injury to the spinal cord. The diagnosis presents no difficulty, although 
many such cases are initially labelled “amyotonia congenita.” The gen- 
eral flaccidity of the body and the pithed frog posture are the same 
in both, as is the paradoxical type of respiration in which the abdomen 
bulges with each breath and the chest is retracted (most birth injuries 
of the spinal cord involve the low cervical or highest thoracic levels, 
although a smaller number affect the lumbar segments of the cord). 
The arms are usually drawn up at the shoulder by the deltoids and 
flexed at the elbow by the unopposed biceps in low cervical injuries 
(as at C 7; high cervical injuries are usually promptly fatal because of 
diaphragmatic paralysis). The legs are totally flaccid and powerless 
immediately after birth; later on, pinprick to the leg produces a jerking 
automatic withdrawal, often with crossed extension, although there 
is no evidence of appreciation of pain in the facial expression. A definite 
level of anesthesia can often be demonstrated by ascending the trunk 
with pinprick. The sweating or triple response to scratch may also be 
abnormal below the level of the lesion. 

Obstetrical injuries of the spinal cord are fortunately not so common 
as in years past, and it will probably never again be possible to assemble 
such a series as reported by Crothers and Putnam.?® Nevertheless they 
still occur, and their management remains a discouraging problem. 
X-ray study of the spine to determine the possibility of comminuted 
bone fragments seems indicated, since the presence of displaced frag- 
ments or unreduced dislocation might warrant early surgical explora- 
tion. Lumbar puncture with manometric tests to rule out the possibility 
of block to the flow of cerebrospinal fluid is reasonable. Even in those 
cases in which block is present, however, it is most often due to edema 
of the cord, and results following surgical laminectomy are disappoint- 
ing. Except for the presence of comminuted displaced bone fragments 
or dislocation of the. vertebrae, or in the presence of spinal fluid block, 
there is probably little to be gained by immediate laminectomy, for 
which such babies are in any event poor operative risks. It may be 
reasonable to offer the parents the opportunity of neurosurgical ex- 
ploration at a later stage if developments have not been favorable. 
However the matter is handled, the prognosis for survival is grave, and 
for normal or useful recovery of function at least very guarded. The 
care of the skin involves the same principles of frequent change of 
position (every two hours, day and night) as with paraplegia in adults, 
but pressure sores are less of a problem in babies, perhaps because they 
are frequently handled for feeding and diapering. The care of the 
bladder is also less of a problem in newborn infants with spinal cord 
injuries, since automatic voiding tends to take place at intervals ap- 
proximating those of the normal newborn; the pattern may even con- 
tinue if control at a higher level is never established. Finally, it should 
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be mentioned that injury to the cervical spine, even if not accompanied 
by cord injury, may result in adventitial hemorrhages or other injury 
to the vertebral arteries with possible ischemic damage to the brain 
stem, cerebellum or occipital lobes; such damage is scarcely treatable.1** 


Brachial Plexus Injury 


Brachial plexus injury, like spinal cord injury, is less common today 
than in years past, but is still encountered. A high percentage of brachial 
palsies also follow breech extraction, while others occur in association 
with traction on the head in deliveries with impacted shoulders. The 
Erb type, involving principally the fifth and sixth cervical roots, is by 
far the commonest, but some injuries are of the Klumpke type involving 
chiefly C 8 and T 1, while a few cases involve all the roots. ‘The char- 
acteristic posture in the Erb type (Fig. 10, A) usually makes the diagno- 
sis obvious, and longer observation reveals lack of movement at the 
shoulder, but retention of muscle power in the hand. Areas of analgesia 
to pinprick corresponding to the lower nerve roots are often demon- 
strable in the Klumpke type of palsy, but in the Erb type the sensory 
loss is usually surprisingly minimal and hard to demonstrate. 

The immediate underlying pathology is most often stretching of the 
roots, trunks or cords of the brachial plexus accompanied by hemorrhage 
or edema; this is to a large degree reversible, and considerable to com- 
plete return of function is usual. Less frequently the nerve roots may be 
avulsed from the cord, an irrecoverable situation. Diaphragmatic pa- 
talysis is an occasional complication of the Erb type and should be 
investigated by fluoroscopy in patients with brachial palsy showing 
respiratory distress. An ipsilateral Horner syndrome due to damage of 
the sympathetic fibers in the first thoracic root not infrequently ac- 
companies the Klumpke type. The presence of phrenic or sympathetic 
paralysis indicates damage close to the cord and is an unfavorable prog- 
nostic sign. 

The management of brachial palsy is largely orthopedic and beyond 
the scope of this article. Suffice it to say that overenthusiastic or too 
prolonged pinning or splinting of the arm in the airplane position can 
result in secondary damage to a baby whose brachial palsy might well 
recover spontaneously with less drastic treatment. Orthopedic consulta- 
tion is usually advisable. At least a moderate degree of permanent 
weakness occurs in the majority of Klumpke type cases, but the larger 
number of the Erb type can be expected to make satisfactory recovery. 
If the situation is not satisfactory by the age of three to six months, 
neurosurgical exploration of the brachial plexus with attempt at lysis 
of adhesions may be indicated. This is particularly true if there has 
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been palpable thickening above the clavicle or swelling or ecchymosis 
in the newborn period, points which should be checked on examination 
at that time even though immediate exploration is rarely if ever indi- 
cated. In doubtful cases a myelogram may show evidence of intraspinal 
avulsion of nerve roots, contraindicating exploration of the plexus. 

Fracture of the clavicle or humerus or injury to the shoulder joint 
may simulate brachial palsy and should be excluded by x-ray examina- 
tion. Finally, it should be mentioned that external pressure injury can 
occur to isolated nerves in the arm, particularly the radial.5* 


Facial Nerve Palsy 


Facial nerve palsy in the newborn is most often due to pressure against 
the pes anserinus by forceps or by pressure against the promontory 
of the sacrum of the maternal pelvis. It has been alleged that the latter 
is commoner and that the great majority of left facial nerve palsies 
spring from left occiput transverse or left occiput anterior presenta- 
tions whether with forceps or not, and vice versa in the case of right- 
sided palsies.°* Nevertheless facial nerve palsy appears to be much 
commoner in forceps deliveries. Sometimes only part of the pes an- 
serinus is injured, usually the lower, and in any event, recovery most 
often takes place in the upper part of the face first, often giving the 
appearance of a supranuclear lesion. Facial paresis must be distinguished 
from aplasia of the depressor muscles of the corner of the mouth which 
fail to be drawn down on the affected side during crying, a permanent 
situation.®* Bilateral (or less commonly unilateral) facial nerve paralysis 
may occur as a congenital anomaly, most often in association with 
sixth nerve paralysis or other defects (the Moebius syndrome). There 
is some debate as to whether the underlying original abnormality is 
aplasia of muscle**: 1°. 111 or of neurons in the brain stem nuclei,5* 5: 
8®, 107 but many cases are accompanied by other congenital anomalies 
of the nervous system. 

Virtually complete recovery occurs in the majority of traumatic 
facial nerve palsies in the newborn, and a satisfactory result can be 
assumed if at least beginning recovery is noted within the 18 to 21 
days required for wallerian degeneration. Lack of improvement and the 
presence of an electrical reaction of degeneration after three weeks or 
more presages only a late and partial recovery by regrowth. The subject 
has been reviewed elsewhere,” and it is sufficient to state here that the 
only indication for neurosurgery in the newborn period is probably 
complete severing of the nerve in association with an obvious laceration 
or fracture. Anastomosis of the distal seventh nerve with the proximal 
end of the eleventh or twelfth nerve may be considered after two or 

















598 NEUROLOGIC CONDITIONS IN THE NEONATAL PERIOD 


three years if the outcome is not satisfactory, but results are in general 
not so good as with Bell’s palsy at later ages. 


NEONATAL CONVULSIONS 


The most immediate problem is preservation of the airway and preven- 
tion of anoxia, with administration of oxygen if necessary. The majority 
of neonatal convulsions are brief and clonic, but recurrent, so that medi- 
cation should usually be given. The drugs of choice are phenobarbital 
(8 to 15 mg. subcutaneously), fresh paraldehyde (1 or 2 cc. rectally 
with an equal part of olive or mineral oil; intramuscular administration 
carries considerable danger of slough, particularly in the newborn) or 
chloral hydrate (60 to 100 mg. rectally). These measures will usually 
stop even a prolonged neonatal convulsion. Because of the tendency of 
seizures to recur, it will usually be necessary to give continued medica- 
tion for at least several days. Paraldehyde or chloral hydrate may be 
repeated every 6 hours if seizures show signs of reappearing, or regular 
doses of phenobarbital up to 30 mg. per day, orally or parenterally, may 
be given. Dilantin may also be given, up to 25 mg. per day, although 
the dose is highly individual. The physician should bear in mind that 
ataxia, nystagmus and other conventional signs of Dilantin toxicity 
are not conspicuous in the newborn, but that a general hypnotic effect 
is often encountered. 

Further diagnostic measures are required in all newborns with con. 
vulsions, usually including lumbar puncture, the drawing of blood for 
determination of sugar, calcium, phosphorus and phosphatase, and ex- 
amination of the urine for amino acids such as are found in maple syrup 
urine disease*!: 7 85.187 or other rare genetic metabolic defects. 1% 
There are certain other clinical clues which have been discussed else- 
where,” but interpretation of amino-aciduria is difficult in the newborn 
and an easy source of error.?* 71° An electroencephalogram may be 
obtained, but is of more limited diagnostic value than the other 
measures mentioned. An important point is that neonatal convulsions 
are rarely, if ever, due to idiopathic epilepsy and are seldom the result 
of congenital cerebral defect. They are most often due to acute anoxic 
or other cerebral insults, or less often to biochemical causes such as 
tetany or to other congenital metabolic defects. Such metabolic dis- 
orders are hypoglycemia in infants of diabetic mothers or idiopathic 
hypoglycemia, galactosemia, hypocalcemic tetany, hypocalcemia second. 
ary to brain abnormality,® tetany in association with hypophospha. 
tasia,!"* hypernatremia, water intoxication, and withdrawal symptoms as 
a result of maternal narcotic addiction either of the self- or physician 
induced variety. Convulsions may also result from infections such as 
bacterial meningitis, cytomegalic inclusion disease, toxoplasmosis or 
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transplacental infection with viruses such as that of equine encepha- 
litis.17 There are a few rare cerebral degenerations which may begin in 
the newborn and produce convulsions at this age,’ 2°. ® 7, 4° but these 
diagnoses can be made only by passage of time and usually only at 
autopsy. 


Prognosis 


Neonatal convulsions, if not due to tetany, may be of serious prognostic 
import; in one series approximately one third of the infants died and 
one third of the survivors were abnormal.!® 


CEREBRAL INSULTS FROM ANOXIA AND TRAUMA AT BIRTH 
Pathogenesis and Diagnosis 


Anoxia is probably proportionately much more important in the produc- 
tion of cerebral insults and injuries than trauma. The latter, except in 
extreme cases, may have its principal effect by ischemia as a form of 
anoxia resulting from vascular accidents or pressure from hemorrhage. 
The obstetrical history should obviously be carefully reviewed for possi- 
bility of such events as placenta praevia or premature separation of the 
placenta, prolapse of the cord and delayed resuscitation of the infant 
after birth. There may be evidence of fetal distress such as staining 
of the baby, amniotic fluid or membranes with meconium. Examination 
of the placenta is also useful, since its abnormalities might point to an 
earlier intrauterine onset. In addition to abnormalities of birth history, 
infants with cerebral anoxia or trauma sufficient to produce “cerebral 
palsy” also have acute symptoms referable to the brain during the new- 
born period in the great majority of instances.2* These include general 
increase or decrease of muscle tone and of spontaneous activity, depres- 
sion of neonatal automatisms, convulsions or myoclonus, and disturb- 
ances in vital functions such as temperature, pulse and respirations and 
in swallowing. One must bear in mind that these same neonatal diff- 
culties may also occur in infants with remote prenatal malformations 
of the brain.?* 


Treatment 


Treatment consists chiefly in supportive,measures and good routine 
neonatal care. Maintenance of an airway, sufficient suctioning and 
avoidance of aspiration are clearly important. The use of oxygen is indi- 
cated if the baby is still cyanotic after an unobstructed airway has been 
assured. Diagnostic lumbar puncture should be carried out if there are 
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localizing neurologic signs or evidence of increased intracranial pressure. 
Analeptic drugs are probably of limited value for infants with depressed 
nervous system function and may precipitate or aggravate convulsions. 
Oral feedings should of course be withheld until the baby is able to 
handle them. One possible therapeutic approach which is experimental 
at present is the use of hypothermia. It has long been known that both 
full-term and premature infants can do well after low body tempera- 
tures,** and there is some experimental evidence that a newborn 
animal's survival time in anoxia is prolonged by hypothermia.*? There 
is, however, conflicting evidence that human and animal newborns show 
increased metabolic heat production and oxygen consumption at tem- 
peratures more than a couple of degrees above or below the usual 
value.1?; 13, 14, 26, 32, 56, 98 Cold carries a definite danger to the newborn,” 
and hypothermia cannot at present be recommended except experi- 
mentally. Adequate supplies of glucose appear to increase the anoxic 
survival time of newborn animals, and maintenance of glucose supply 
seems reasonable in the human newborn, by intravenous or other 
means, even though blood sugar values of normal newborns are often 
low and apparently harmless. Blood sugar levels may fall as hypothermic 
patients warm up. This is one possible explanation of the convulsions 
sometimes seen on warming,” and administration of glucose may 
prevent these.*® 


Prognosis 


Prognosis as to survival is always grave in such cases, and in one series 
30 per cent of 100 consecutive neonatal deaths were based on causes 
in the central nervous system, 47 per cent showing pathologic changes 
in the brain.* The prognosis as regards the possibility of future neuro- ‘ 
logic deficit is less clear. Retrospective studies based on populations 
such as patients in cerebral palsy clinics are usually reported as showing 
a high frequency of obstetrical or gestational abnormality. On the other 
hand, prospective studies of such groups as infants born in a variety of 
inauspicious circumstances or resuscitated for varying periods most often 
indicate that the great majority are normal in later childhood.** The 
majority of Prechtl’s newborns who were found abnormal on neonatal 
neurologic examination showed persistent neurologic deficit,"°* but the 
literature contains numerous examples of circumstances such as resusci- 
tation for 40 minutes™ or extreme neonatal abnormality, with subse- 
quent recovery. 

Clearly the prognostic issue can be resolved only by an unbiased 
prospective study of a sufficiently large number of pregnancies to pro- 
vide a statistically significant number of damaged babies. It appears 
that this would require 40,000 or more cases, thus necessarily involving 
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collaboration of several hospitals and standardization of methodology 
difficult to achieve. Such a study is presently in progress, however, under 
the auspices of the National Institute of Neurological Disease and 
Blindness, U.S. Public Health Service, and should eventually answer 
many important questions as to prognosis, etiologic factors and pre- 
ventive measures. 


PYRIDOXINE DEPENDENCY 


Pyridoxine dependency is a rare possibility to consider in the differential 
diagnosis of convulsions beginning at a week or so of age, and rarely 
earlier.®? ®* It apparently is a constitutional, often genetically de- 
termined, defect in one of the chemical systems in which pyridoxine 
serves as a coenzyme. Pyridoxine deficiency in animals leads to a lack 
of gamma-aminobutyric acid and to convulsions.'!? Pyridoxine de- 
pendency, in contrast, is a disease with a pyridoxine demand 10 or more 
times® normal and is to be distinguished from the convulsions of later 
infancy resulting from dietary deficiency of pyridoxine.® Slowing and 
frequently spike wave complexes are usual findings in the electro- 
encephalogram. If there is reason to suspect pyridoxine dependency 
(and probably in any otherwise unexplained intractable neonatal con- 
vulsive state), one should try administration of pyridoxine. This should 
preferably be given intravenously in large (75 mg.) doses during a 
convulsion and while an electroencephalogram is running in order to 
make possible immediate accurate diagnosis. If this can be established, 
the administration of oral pyridoxine (10 mg. daily) will suppress 
symptoms; this may be used as a diagnostic test if facilities are lacking 
for the more accurate evaluation mentioned. Absence of xanthurenic 
acid from the urine may also be used as a criterion of adequacy of 
pyridoxine dosage.’ Finally it should be mentioned that pyridoxine 
appears of no value in the treatment of epilepsy in general.** 


MYASTHENIA GRAVIS 


Infants of mothers with myasthenia gravis frequently, but not always, 
present transient myasthenic manifestations in the newborn 
period,’”: 182 which may be fatal. The clinical picture is similar to the 
disease in adults, with weakness, fatigability, and disproportionate in- 
volvement of the cranial nerve musculature. Ptosis is usually con- 
spicuous, but must be distinguished from third nerve or sympathetic 
paralysis and from the Marcus Gunn phenomenon.” If myasthenia is 
known to exist in the mother, the diagnosis in the infant is not difficult, 
and therapy should be begun with neostigmine methylsulfate, 0.1 mg. 
subcutaneously at 2- to 4-hour intervals as required. Larger doses may 
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localizing neurologic signs or evidence of increased intracranial pressure. 
Analeptic drugs are probably of limited value for infants with depressed 
nervous system function and may precipitate or aggravate convulsions. 
Oral feedings should of course be withheld until the baby is able to 
handle them. One possible therapeutic approach which is experimental 
at present is the use of hypothermia. It has long been known that both 
full-term and premature infants can do well after low body tempera- 
tures,** and there is some experimental evidence that a newborn 
animal’s survival time in anoxia is prolonged by hypothermia.’ There 
is, however, conflicting evidence that human and animal newborns show 
increased metabolic heat production and oxygen consumption at tem- 
peratures more than a couple of degrees above or below the usual 
value.1?; 13, 14, 26, 32, 56, 98 Cold carries a definite danger to the newborn,”® 
and hypothermia cannot at present be recommended except experi- 
mentally. Adequate supplies of glucose appear to increase the anoxic 
survival time of newborn animals, and maintenance of glucose supply 
seems reasonable in the human newborn, by intravenous or other 
means, even though blood sugar values of normal newborns are often 
low and apparently harmless. Blood sugar levels may fall as hypothermic 
patients warm up. This is one possible explanation of the convulsions 
sometimes seen on warming,”® and administration of glucose may 
prevent these.*® 


Prognosis 


Prognosis as to survival is always grave in such cases, and in one series 
30 per cent of 100 consecutive neonatal deaths were based on causes 
in the central nervous system, 47 per cent showing pathologic changes 
in the brain.* The prognosis as regards the possibility of future neuro- 
logic deficit is less clear. Retrospective studies based on populations 
such as patients in cerebral palsy clinics are usually reported as showing 
a high frequency of obstetrical or gestational abnormality. On the other 
hand, prospective studies of such groups as infants born in a variety of 
inauspicious circumstances or resuscitated for varying periods most often 
indicate that the great majority are normal in later childhood.** The 
majority of Prechtl’s newborns who were found abnormal on neonatal 
neurologic examination showed persistent neurologic deficit,°° but the 
literature contains numerous examples of circumstances such as resusci- 
tation ‘for 40 minutes’ or extreme neonatal abnormality, with subse- 
quent recovery. 

Clearly the prognostic issue can be resolved only by an unbiased 
prospective study of a sufficiently large number of pregnancies to pro- 
vide a statistically significant number of damaged babies. It appears 
that this would require 40,000 or more cases, thus necessarily involving 
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collaboration of several hospitals and standardization of methodology 
difficult to achieve. Such a study is presently in progress, however, under 
the auspices of the National Institute of Neurological Disease and 
Blindness, U.S. Public Health Service, and should eventually answer 
many important questions as to prognosis, etiologic factors and pre- 
ventive measures. 


PYRIDOXINE DEPENDENCY 


Pyridoxine dependency is a rare possibility to consider in the differential 
diagnosis of convulsions beginning at a week or so of age, and rarely 
earlier.®?: © It apparently is a constitutional, often genetically de- 
termined, defect in one of the chemical systems in which pyridoxine 
serves as a coenzyme. Pyridoxine deficiency in animals leads to a lack 
of gamma-aminobutyric acid and to convulsions.14? Pyridoxine de- 
pendency, in contrast, is a disease with a pyridoxine demand 10 or more 
times® normal and is to be distinguished from the convulsions of later 
infancy resulting from dietary deficiency of pyridoxine.*® Slowing and 
frequently spike wave complexes are usual findings in the electro- 
encephalogram. If there is reason to suspect pyridoxine dependency 
(and probably in any otherwise unexplained intractable neonatal con- 
vulsive state), one should try administration of pyridoxine. This should 
preferably be given intravenously in large (75 mg.) doses during a 
convulsion and while an electroencephalogram is running in order to 
make possible immediate accurate diagnosis. If this can be established, 
the administration of oral pyridoxine (10 mg. daily) will suppress 
symptoms; this may be used as a diagnostic test if facilities are lacking 
for the more accurate evaluation mentioned. Absence of xanthurenic 
acid from the urine may also be used as a criterion of adequacy of 
pyridoxine dosage.® Finally it should be mentioned that pyridoxine 
appears of no value in the treatment of epilepsy in general.”* 


MYASTHENIA GRAVIS 


Infants of mothers with myasthenia gravis frequently, but not always, 
present transient myasthenic manifestations in the newborn 
period,”? 182 which may be fatal. The clinical picture is similar to the 
disease in adults, with weakness, fatigability, and disproportionate in- 
volvement of the cranial nerve musculature. Ptosis is usually con- 
spicuous, but must be distinguished from third nerve or sympathetic 
paralysis and from the Marcus Gunn phenomenon.” If myasthenia is 
known to exist in the mother, the diagnosis in the infant is not difficult, 
and therapy should be begun with neostigmine methylsulfate, 0.1 mg. 
subcutaneously at 2- to 4-hour intervals as required. Larger doses may 
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be needed in some instances. It has been alleged that pyridostigmine 
(Mestinon) is superior to neostigmine.*! Treatment may be required 
for as long as three to six weeks, but frequently only for a shorter 
period, the dose being gradually diminished as tolerated and as indi- 
cated by side effects. Administration of a test dose of edrophonium 
(Tensilon) is useful to decide whether weakness is due to too little or 
too much medication; 0.5 mg. is a satisfactory test dose in the newborn 
and may be given intramuscularly if intravenous administration is not 
feasible. The use of atropine to reduce side effects of neostigmine or 
pyridostigmine is usually unnecessary and is probably inadvisable, since 
it thickens the secretions, which are already handled with difficulty. 

Congenital myasthenia gravis in infants not of myasthenic mothers is 
also a known although rare entity. Symptoms occasionally begin in the 
newborn period, but the diagnosis is seldom made at that age.**: 7? In 
such cases the disease is permanent, unlike the transient symptomatol- 
ogy of infants of myasthenic mothers. A diagnostic test with edro- 
phonium is essential in doubtful cases. Abnormal tolerance to decame- 
thonium is another?’ diagnostic test, but would require elaborate adap- 
tation for the newborn. Its effect can be reversed with edrophonium, 
and the action of the latter or of neostigmine is reversible with atropine, 
which should be at hand during diagnostic tests. Treatment of con- 
genital myasthenia is similar to that of transient myasthenia, except 
that it must be continued, for the prognosis for death from eventual 
complications is guarded. 


INFANTILE SPINAL PROGRESSIVE MUSCULAR ATROPHY 


Terminology regarding this condition is confused. It is variously known 
under the name of Oppenheim,®* who originally described a rather 
different condition with stationary evolution or even improvement, and 
of Werdnig'** and Hoffmann, who described progressive spinal mus- 
cular atrophy beginning in early infancy and terminating fatally. The 
condition can also begin in utero, not infrequently leading to the 
mother’s description of diminished fetal activity, and is pathologically 
and prognostically the same as the disease beginning at a few months 
of age. Both are familial and transmitted as autosomal recessives, but 
the time sequence is usually constant in any particular family,’° and 
congenital and postnatal cases are rarely found together in the same 
sibship. * 

The diagnosis presents no difficulty; the infant is born hypotonic 
and areflexic with severe or complete muscle paralysis, although the 
proximal musculature of the limbs is more conspicuously affected than 
the distal, and the hands and feet may show considerable movement. 
Respirations are diaphragmatic with bulging of the abdomen on in- 
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spiration and paradoxical retraction of the chest (as in the presence 
of spinal cord injury). Fasciculations may be identifiable in the tongue, 
but cannot be seen elsewhere in the body because of overlying fat. If 
one can confidently distinguish them from normal synchronous tremor 
of the tongue, fasciculations are pathognomonic. Without fasciculations, 
the disease must be differentiated from rarer and more benign forms 
of hypotonia by muscle biopsy. Even if fasciculations are seen, the 
examiner will find that the majority of parents desire a muscle biopsy 
before accepting the unfavorable prognosis and genetic implications. 

No treatment is known, and except for cases misdiagnosed or those 
due to “benign hypotonia,” the condition is progressive and fatal in 
the early years of life in the great majority of cases.'® 15% 

Muscle biopsy will occasionally surprise one by showing the presence 
of a congenital muscular dystrophy (with equally unfavorable 
prognosis) or of one of the types of benign congenital hypo- 
tonia.'® #7: 12°. 188 Some of these are static and disabling. Others show 
improvement and near normality. The most favorable type is that in 
which muscular hypotonia and hyperextensibility of ligaments and joint 
capsules are paramount, leading to a history of late motor milestones, 
but no great deviation from normal aside from double-jointedness as 
an adult. This type rarely comes to anyone’s attention before the 
second half of the first year. 

It should be mentioned that both spinal muscular atrophy and con- 
genital muscular dystrophy may lead to congenital contractures about 
the joints, much in the manner of arthrogryposis multiplex con- 
genita.!® 128. 131 Conversely, abnormal pathologic findings in the brain 
or spinal cord are common in arthrogryposis.*” 

Finally the converse of spinal atrophy or myopathy should be con- 
sidered—congenital muscular hypertrophy. Some cases are benign and 
idiopathic, others are associated with Thomsen’s myotonia congenita, 
others the result of muscular glycogenosis, and others associated with 
mental deficiency or other brain disease as in De Lange’s type.*! 144 


SUMMARY 


1. Neurologic examination of newborn infants depends partly on 
adaptation of conventional tests, but largely on exploitation of the 
automatisms and postural responses peculiar to this age. The more 
important possible abnormal findings are reviewed, with their implica- 
tions for diagnostic and therapeutic measures in the neonatal period. 
The, cardinal abnormalities having immediate importance are (1) 
obvious malformations and other anomalies; (2) signs of increased 
intracranial pressure; (3) signs of meningeal irritation; (4) abnormal 
movement—(a) absent, diminished or asymmetric spontaneous move- 
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ment, (b) convulsions, (c) myoclonus, fasciculations or other types of 
hyperkinesis; (5) general increase or decrease of muscle tone or its 
asymmetry; (6) general, over-all depression’ of central nervous system 
activity, manifest chiefly by defect of the automatisms and postural re- 
sponses which are obligate for the patient’s degree of maturity; (7) 
abnormal neurologic signs of localizing value, such as cranial nerve or 
other paralyses, changes in reflexes, or areas of anesthesia, which are all, 
however, relatively less common in newborns than the other abnormali- 
ties listed. 

2. Indications are discussed for special tests such as lumbar, cisternal 
and ventricular puncture, subdural taps, and chemical determinations 
in the blood and urine. 

3. Therapeutic management of a number of specific situations is 
discussed briefly, including anomalies such as meningocele and myelo- 
meningocele, encephalocele, hydrocephalus and _ craniosynostosis; 
trauma, including skull fractures, hemorrhage in the central nervous 
system, injury to the spinal cord and brachial plexus injury; facial 
nerve palsy; convulsions; anoxic insults to the brain at delivery; pyri- 
doxine dependency; and miscellaneous therapeutic problems such as 
myasthenia gravis and spinal muscular atrophies and myopathies. 
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NEONATAL CONDITIONS 
ASSOCIATED WITH DISORDERS 
OF BODY FLUIDS AND SOLUTES 


GERARD B. ODELL, M.D. 


ROBERT E. COOKE, M.D. 


Newborn infants exhibit many aberrations in their body composition 
during the first week of life. These disturbances involve alterations 
either of the volume or solute concentration of the body fluids, or both. 
The physician may anticipate the possibility of disturbances in the body 
fluids of newborns by an appreciation of the fact that some of these 
are associated with prenatal conditions affecting the maternal organism 
or placenta. Other historical information is of minimal value in the 
newborn period to judge the functional maturity of the infant’s homeo- 
static mechanisms. The physical examination may give some clues as 
to the presence of a disturbance, but specific laboratory procedures are 
necessary for definitive diagnosis and therapy. It is the purpose of this 
paper to review some of the disorders of body fluids in the newborn 
which are associated with maternal disorders, and to comment briefly on 
the management of these problems. 


PRENATAL AND PERINATAL INFLUENCES ON BODY COMPOSITION 


Table 16 shows abnormalities of body composition of the newborn 
frequently associated with prenatal or perinatal disturbances in the 
mother. 

These abnormalities in the infant develop before or during delivery 
and may require immediate correction at birth or require supplemental 
therapy to prevent later volume or concentration disturbances. The 
importance of the gestational history cannot be overemphasized be- 
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TABLE 16. Alterations in Body Composition of the Infant Associated with Prenatal 
or Perinatal Disturbances 


INFANT ABNORMALITY MATERNAL CONDITION 





Anemia Iso-immunization 
Transplacental hemorrhage 











Reduced blood volume 
Internal hemorrhage Traumatic delivery 
External! hemorrhage Abruptio placentae 
Placenta praevia 
Vasa praevia 
Cesarean section through anterior placenta 
Dysmaturity Prolonged gestation 
Toxemia of pregnancy 
Edema Premature birth 


Iso-immunization 





Internal sequestration 
Transcellular fluid losses into con- 
genital obstruction of the intestine Polyhydramnios 








Ascites Difficult delivery 
Acidosis Abnormal labor and delivery 
Hypoglycemia Maternal diabetes 


Toxemia of pregnancy 
Premature birth 





Hypocalcemia Maternal diabetes 
Premature birth 
Abnormal pregnancy, labor or delivery 


cause it can alert the physician to examine closely for specific dis- 
turbances in body composition. The gestational history will also permit 
more accurate estimates of cumulative deficits in the infant if oral intake 


is withheld subsequent to birth. 


Anemias 


Those infants born with anemia resulting from iso-immunization or 
transplacental bleeding from the fetus into the mother usually do not 
have serious deficits in total blood volume. The anemia develops in 
utero, ‘and any concomitant blood volume change is probably com- 
pensated by the maternal circulation via the placenta. 

The anemia from transplacental hemorrhage is variable in severity 
and is usually recognized as unexplained pallor, tachycardia and re- 
duced hematocrit level. The diagnosis can be confirmed by the 
demonstration of fetal red cells or hemoglobin in the maternal circula- 
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tion. The recognition and correction of this anemia are important, 
even though immediate symptoms are mild, for the ordinary infant 
formulas cannot support subsequent growth without development of 
a serious iron deficiency. The deficit in the infant’s red cell mass can 
be approximated by assuming the blood volume to be 8 to 10 per cent 
of body weight. Therapy consists in transfusing with packed cells to 
raise the hemoglobin to the desired value:** 


Hb. conc. desired — observed Hb. x 10% body wgt. = gm. Hb. needed. 


Anemia due to fetal-maternal blood group incompatibilities, if pres- 
ent at birth, usually requires early exchange transfusion to replace the 
bulk of the infant’s sensitized cells. This will prevent further anemia 
and excessive hyperbilirubinemia. In our clinic we prefer to use whole 
blood rather than packed cells for exchange transfusion, because the 
plasma proteins of the donor blood aid in the removal of bilirubin 
and provide a more effective protection against bilirubin toxicity.*” 
One hundred and fifty cubic centimeters per kilogram of body weight 
is the usual volume of donor blood used for exchange transfusions. 

The volume of blood used for simple transfusion should not exceed 
20 ml. per kilogram of body weight for each transfusion, because of 
the danger of overloading the circulation. The subsequent hemoglobin 
or hematocrit values can guide one as to the further need of transfusion. 
It should be noted that mechanical damage to the donor red cells 
during transfusion can be considerable.*® This damage can reduce the 
half-life of the given cells to such a degree that the infant’s hemoglobin 
may be considerably less than anticipated. This shortened half-life can 
also be expected to produce an elevation in serum bilirubin, because 
35 mg. of bilirubin are produced from the destruction of 1 gm. of 
hemoglobin. 


Reduced Blood Volume 


Serious reductions in neonatal circulating blood volume can result from 
either internal or external hemorrhage during labor or delivery. External 
bleeding may be difficult to recognize because it often occurs through 
the placenta. These infants are usually pale and may suffer shock. 
Because the hemorrhage occurs close to birth, compensation of their 
plasma volume through the placenta by the maternal circulation may 
not occur. Consequently the infant’s hematocrit or hemoglobin con- 
centration may not show any percentage change. This often lures one 
intg a false sense of security when the infant’s symptoms are not severe. 
But a few hours after delivery the hematocrit level will show a per- 
centage reduction because the reduced blood volume has been compen- 
sated by shifts of fluid into the vascular space from the infant’s 
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extravascular reservoir. It is difficult to approximate the extent of 
hemorrhage, and the birth history may provide the only clue\as to 
whether the hemorrhage was placental or internal. Infants may hve 
extensive intraluminal hemorrhage from a perforated viscus or “ 
capsular bleeding in the liver without exhibiting localizing phygical 
signs other than shock.® 

Restoration of the blood volume is best done by administratign of 
whole blood. This corrects the loss in red cell mass and provides plasma 
which will allow re-expansion of previously compromised extrava§cular 


fluid spaces. 
The amount of blood necessary to correct deficits is judged by the 


response of the infant to transfusion. Ten milliliters per kilogram of 
body weight may be safely given by push transfusion and followed by 
further drip transfusions as necessary. One should record the infant’s 
pulse and particularly the blood pressure. Careful attention should 
be paid to the cardiac rate and quality of the heart sounds. Systolic 
bruits may often be heard during shock, but disappear with transfusion. 

The source of the blood loss must be identified, and, when internal, 
specific therapy instituted. Vitamin K (Konakione, 1 mg. intramuscu- 
larly) should be given regardless of the cause of the hemorrhage because 
the infant may have exhausted the relevant clotting factors in stopping 
the initial bleeding, with subsequent development of secondary hypo- 
prothrombinemia. 


Dysmaturity 

Deficiency of body fluids seems to be an important factor in the 
clinical course of infants born after forty-three weeks’ gestation. Char- 
acteristically they exhibit a striking disproportion between body weight 
and length. Although the exact deficiencies in these infants have not 
been quantitated, dehydration with hypovolemia of the extracellular 
fluids is suggested on the basis of physical examination and reported 
analyses of cord blood, 51 elevated hematocrit, and serum nonprotein 
nitrogen levels and protein-bound substances such as hexoses and biliru- 
bin. These infants may be born with vernix or meconium pneumonia 
which may restrict oral intake.*® If there are clinical signs of dehydration, 
parenteral fluid administration during the first 24 hours should be 
carried out. Approximately 10 cc. per kilogram of balanced salt solution 
should be given to expand extracellular volume, and the usual mainte- 
nance requirements of sodium, chloride and water can be given during 
the subsequent 24 hours. 


Edema 


There are many diseases in newborns associated with edema. The two 
maternal disturbances listed in Table 16, however, are frequently asso- 
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ciated with the birth of edematous infants, who often require parenteral 
fluid management. 

Many premature infants are born with expansion of their extra- 
cellular volumes to the point of clinical edema. Most of these do not 
require immediate therapy. It is important to emphasize that, in the 
evaluation of the subsequent requirements of these infants, when oral 
feedings are withheld, the cumulative deficits cannot be accurately 
judged by weight loss alone. Some edematous premature infants will 
excrete the excess fluid in 24 to 48 hours, while others may remain 
edematous for longer periods.5? It should also be noted that some 
premature infants are unable to deliver the excess fluid into the urine 

“without the development of hypertonicity of their body fluids when 

“oP nile is withheld.?* This hypertonicity occurs primarily because 
the infanf’\do not excrete a sufficiently concentrated urine to com- 
pensate for their insensible water loss. Hypernatremia can become 
pronounced with an accompanying prerenal azotemia and hyperkalemia, 
when edematous prematures are fasted and thirsted more than 24 hours. 
In view of the studies that have demonstrated intracranial hemorrhages 
in association with other hypernatremic states,”! one theoretically should 
avoid hypernatremia in newborns, although no direct evidence is avail- 
able to show that in the premature serious damage results from the 
hypernatremia of thirsting and fasting. 

Serial serum sodium or chloride analyses of capillary blood in con- 
junction with body weight changes provide a means to avoid serious 
hypernatremia. If oral intake cannot be tolerated, a subcutaneous push 
clysis of 20 to 30 cc. per kilogram per day containing a mixture of equal 
volumes of 5 per cent glucose in water and Darrow’s potassium lactate 
solution will provide adequate water and electrolyte to meet the edem- 
atous infant’s daily obligatory expenditure in the first few days of life. If 
intercurrent disease is present, such as the hyaline membrane syndrome, 
in which acidosis and accelerated tissue catabolism or anti-anabolism 
leads to hyperkalemia,®* one should use a balanced salt solution in 
place of the potassium-containing Darrow’s solution. 

Edema at birth in infants delivered of iso-immunized mothers re- 
quires immediate therapy. The edema of these infants is apparently due 
to anemic heart failure and hypoproteinemia. Immediate phlebotomy 
if venous pressure is elevated, followed by a blood transfusion of 10 
to 20 ml. per kilogram of body weight, may restore cardiac compensa- 
tion so that a subsequent exchange transfusion can be safely performed. 
If available, packed cells are preferable to whole blood. Rapid digitiliza- 
tion with Lanatoside C (0.03 mg. per kilogram intravenously) may also 
be a helpful adjunct in treatment of these infants.** 

Some infants with birth weights considerably below 2500 gm. may 
represent another form of dysmaturity. They are often born to toxemic 
mothers after 35 to 40 weeks’ gestation.1t They are frequently edema- 
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tous, and the edema should be managed as described for nonerythro- 
blastotic infants. 


Internal Sequestration of Body Fluids 


Another form of fluid volume disturbance in newborns which develops 
in utero is the internal sequestration of interstitial or transcellular 
fluid as seen in congenital ascites and intestinal obstructions. 

Infants who are born with a congenital obstruction of the upper 
portion of the gastrointestinal tract are often associated with hydram- 
nios in the mother.** The abdomen of the infant is often distended 
at birth because of the copious amounts of intraluminal fluid proximal 
to the obstruction. These infants, as well as those born with congenital 
ascites, are often associated with a prolonged delivery.2 The abdomen 
in such infants has a larger circumference than the head, and the ob- 
stetrician may encounter difficulty during delivery. Insufficient cervical 
dilatation delays completion of the second stage of labor once the head 
has been delivered in vertex presentations. The nature and cause of 
the abdominal distention require early identification. Chylous ascites 
may not contain sufficient lipid to be recognized as such until feedings 
are begun. The ascitic fluid of congenital cirrhosis may have a protein 
concentration similar to that of chylous ascites. The ascitic state result- 
ing from meconium ileus with rupture and peritonitis can often be 
recognized by the presence of heme pigments in the fluid. The ascitic 
fluid associated with lower urinary tract anomalies has a lower protein 
content and may have a higher urea concentration than that which is 
present in the circulating plasma.?? 

Rapid removal of large volumes of ascitic fluid or transcellular intra- 
luminal fluid may produce hypovolemia and shock because of the rapid 
transfer of body fluid into the peritoneal cavity or intestinal lumen to 
replace that externally drained. It may be necessary to remove some 
fluid, however, to alleviate respiratory distress before correction of the 
underlying disease. 


Disturbances in Concentration 


In addition to volume disturbances, alterations in the solute concen- 
trations in the body fluids often occur in the newborn and may be 
symptomatic. 


Acidosis 


Normally infants are born with slightly reduced arterial blood pH 
values averaging 7.25.5° Those infants delivered after an abnormal labor 
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or delivery in which considerable anoxia occurred often have a serious 
organic acidosis. This results from prolonged anaerobic glycolysis in the 
fetus and accumulation of lactic acid. If respiration is not immediately 
established to permit compensation of such a metabolic acidosis by 
pulmonary excretion of the carbon dioxide, the infant’s blood pH will 
fall to values of 7.0 or less.** The high pCOz value of the infant’s 
blood not only results from a continuing carbon dioxide production 
from tissue metabolism, but also arises from preformed bicarbonate 
which is displaced by the lactic acid produced. Efforts to correct the 
acidosis should be primarily directed at improving the pulmonary 
ventilation with oxygen so that the anoxia is reduced and carbon 
dioxide can be blown off. Ancillary measures to reduce the acidosis 
and anoxia, such as hypothermia, infusion of oxygenated blood®* and 
administration of organic amines** to buffer the extracellular fluids, 
have not been sufficiently studied to be recommened as yet, but do hold 
promise. The supplementary administration of alkalinizing salts such 
as sodium bicarbonate to correct pH and prevent hyperkalemia by 
promoting potassium excretion in the urine may aid if acidosis persists. 
It should be remembered that infants do not metabolize lactate 
rapidly,* so that little correction in pH may occur with the use of 
sodium lactate. To correct pH and yet avoid postacidotic tetany, suffi- 
cient sodium bicarbonate to raise the carbon dioxide content of plasma 
5 mEq. per liter may be given as sixth-molar sodium bicarbonate. 


5 mEq./L. x. 0.4 of body weight in kilograms = mEq. NaHCOsg needed. 


Hypoglycemia 


Maternal diabetes, toxemia or premature delivery may be associated 
with the occurrence of symptomatic hypoglycemia in some of the 
offspring. Hypoglycemia in the newborn may not manifest itself by 
seizures, or they can occur unnoticed in the nursery. Frequently the 
infant is discovered in a shocklike state which may be postictal, but 
often is initially interpreted as an acute intracranial hemorrhage. In- 
deed, a bulging fontanel has been frequently observed with hypogly- 
cemia in infants of toxemic mothers.1* The hypoglycemia of babies of 
diabetic mothers usually occurs two to four hours after birth, particu- 
larly in cesarean section, and is often without symptoms.** Some of 
these infants’ blood sugars, however, do not return to normal levels, 
but fall to levels below 10 mg. per 100 ml., which persist for many hours. 
In such instances these infants may exhibit frank symptoms of hypo- 
glycemia which can be reversed by the administration of hypertonic glu- 
cose intravenously or large doses of glucagon. *® The hypoglycemia 
in infants of diabetic mothers rarely persists longer than 24 hours. By 
contrast the hypoglycemia in infants of toxemic mothers does not 
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occur before 24 hours and apparently is neither prevented nor relieved 
by oral feeding. This hypoglycemia is also transient, but may persist 
for two weeks or more. The low blood sugar level may not respond to 
epinephrine, glucagon or oral hypertonic glucose feeding because of 
poor absorption. Ten per cent glucose infused intravenously at a rate of 
0.5 gm. per kilogram per hour will ordinarily provide symptomatic 
relief and has not resulted in hyperglycemia or glycosuria. If the hypo- 
glycemia is persistent, ACTH or cortisone, or both, may be necessary 
to sustain normoglycemic levels between feedings. The hypoglycemia 
seen in many prematures** occurs in the first 3 days of life and is 
associated with cardiovascular collapse which is reversible by small 
intravenous infusions of 10 per cent glucose. 

There are a number of hypoglycemic syndromes other than those 
already discussed which may become manifest during the first week of 
life.*°: 41 These include the hepatic glycogenoses, pancreatic islet-cell 
hyperplasia and absence of alpha cells. Prematures may exhibit hypo- 
glycemia associated with hypergalactosemia.!® All these diseases may 
exhibit the same hypoglycemic symptoms of apnea, twitching, seizures 
and shock. Rapid intravenous administration of glucose is essential to 
reverse these symptoms, and frequent glucose feedings should be main- 
tained while the necessary diagnostic studies are undertaken to deter- 
mine the appropriate course of therapy. 


Hypocalcemia 


Serum calcium concentrations below 8 mg. per 100 ml. have been fre- 
quently oberved in the first 48 hours of life in premature infants, mature 
infants whose mothers had an abnormal pregnancy, labor or delivery, 
and in infants born to diabetic mothers.*> Symptoms referable to 
hypocalcemia have been observed by some authors and reportedly 
reversed by administration of calcium.'* The response is variable, which 
may be attributed in part to administration of insufficient amounts of 
calcium. 

The hypocalcemia is transient and independent of diet in contrast 
to.the other forms of hypocalcemic tetany associated with hyperphos- 
phatemia. 

Symptomatic hypocalcemia can be treated by the administration of 
intravenous calcium gluconate as an 8 per cent solution. The amount 
to be given is extremely variable. Symptoms may not abate immediately. 
One should listen to the heart while calcium is being administered to 
avoid serious bradycardia or cardiac arrest. Calcium lactate or calcium 
gluconate can be given orally. Calcium chloride is too sclerosing to be 
used parenterally, and when given orally it should be well mixed with 
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milk; otherwise it may produce serious ulceration of mucous mem- 
branes. 

Hypocalcemia distinct from that which has been just discussed may 
occur during the first week of life. It is associated with the more classic 
signs of hyperirritability, carpopedal spasm, positive Chvostek and 
peroneal signs and occasionally convulsions. It has been well docu- 
mented during or immediately after exchange transfusions because of 
the newborn infant’s inability to metabolize rapidly the citrate present 
as an anticoagulant in donor blood. This finding is particularly common 
if hepatic injury is present.5? In this form of hypocalcemia the total 
serum calcium level is usually not abnormal, but a large fraction of 
the calcium may form a complex with circulating citrate, reducing the 
ionized fraction. After cow’s milk formula feedings have been estab- 
lished some newborn infants have hypocalcemic tetany associated with 
hyperphosphatemia. This form is believed to result from a combination 
of transient hypoparathyroidism and high phosphate intake.** Tetany 
may also occur from the hyperphosphatemia and hypocalcemia present 
in infants with renal insufficiency due to a congenital renal defect. 
Acidosis is frequently present in these infants and may help distinguish 
them. The elevated blood urea nitrogen will make a definite distinction 
between the types of hyperphosphatemic hypocalcemias. The mani- 
festations of hypocalcemia may be resistant to the administration of 
calcium in the presence of extreme elevation of serum phosphorus.’ 


MAINTENANCE THERAPY 


Whenever oral intake of fluid has to be withheld, administration of 
parenteral fluids may be necessary to meet the usual losses of water and 
electrolyte. The external losses which occur during the first few days of 
life are usually small, as seen in Tables 17 and 18. Table 19 lists useful 
solution mixtures for parenteral maintenance therapy. It should be 
recognized that sufficient water cannot be provided by clysis for a 
thirsting infant. Intravenous therapy will become necessary to provide 
electrolyte-free water if oral intake has to be completely restricted 
more than 48 hours. Subcutaneous clyses with 5 per cent glucose without 
electrolyte are dangerous. The fluid shifts that occur may produce 
acute hypovolemia and shock,'* particularly in the presence of circu- 
latory insufficiency. 

The urinary losses of water, sodium, potassium and nitrogen of 
prematures are ordinarily twice as large as those of full-term infants on 
a weight basis.?*: 5? The provision of a saturated environment as in an 
Isolette reduces the insensible water loss by as much as 60 per cent.*¢ 
If the intake of calories as well as water is limited, there may be some 
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TABLE 17. Caloric Expenditure of Newborn Infants?®- 35 





PREMATURE INFANT TERM BIRTH 
Basal calories/kg. of body wgt.......... 45-50 40-45 
SEEN 6 9. <0 8404.00 banncnedsvewe tues 4 7 (15% of basal) 13 (30% of basal) 
pS Oe Pee ae re re 52-57 53-58 





If the infant is not fed, it is unnecessary to add 10 per cent of basal for the specific 
dynamic action of food. Body temperatures above or below 37°C. require addition or 
subtraction of 12 per cent of the basal for each degree C. change. No increment is 
provided for growth during parenteral fluid therapy. 


TABLE 18. Water and Electrolyte Requirements'* 


WATER REQUIREMENTS PER 100 CALORIES METABOLIZED 





Insensible water loss* 


REARS see 15 ml 
NE HG die Sec wed eee 30 ml 
Urinary. . 60 ml 
Stool... .. 5 ml 
MCs EAR e ASG «ose ween On 110 ml 








a 1-3 mEq 
sh eS i Se a 1-3 mEq 
2 ere 1-2 mEq 





* If the infant is kept in high humidity, the insensible water loss is 20 cc. /100 calories 
metabolized. 
If tachypnea is present, pulmonary water loss may double. 


TABLE 19. Parenteral Therapy in Newborns per 100 Calories Metabolized 


ROUTE SOLUTION ML. mEq. 
HO Na K (Cl 





Subcutaneous 
(Partial maintenance) Darrow’s K-lactate 20 256 "O.T' 2.3 
5% glucose in water 20 
or 
Ringer’s lactate /~20 2.6 0.31 2.2 
: 5% glucose in water 20 
Intravenous 
(Complete maintenance) 5% glucose in water 80 
Ringer’s lactate 20 2.6 0.1 2.2 
K-acetate (4 mEq./ml.) 0.5 2 





a 


MAINTENANCE FLUID REQUIREMENTS FOR NEWBORN INFANTS UNDERGOING SURGERY*® 





Preoperative.......... Maintenance plus replacement of unusual losses 
During surgery....... 5% glucose in water, 2-3 cc./kg./hr. 
Concurrent replacement of blood and interstitial fluid losses 
as they occur 
Postoperative. ....... 24 maintenance without potassium for 24 hours 
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degree of hyperchloremic acidosis, but there is almost never acetonu- 
tia.*1 The existence of acetonuria in the newborn has been observed by 
the authors only in glycogenosis associated with hepatic glucose-6-phos- 
phatase deficiency*! and idiopathic hyperglycinemia.*? A frequent 
finding associated with reduced water and calorie intake is hyperbili- 
tubinemia. Bilirubin in the serum is almost completely protein-bound, 
and any reduction of the plasma volume without a concomitant reduc- 
tion of the plasma proteins will result in elevation of the bilirubin con- 
centration. The percentage increase in the bilirubin will correspond to 
the percentage increase in the plasma proteins, particularly albumin.*? 
Balanced salt solution rather than sodium chloride solution is prefer- 
able as a source of electrolyte, because of the limited capacity of new- 
born infants to excrete a chloride load by substitution of ammonia 
for sodium.*? Furthermore, low phosphate excretion does not permit 
urinary output of large amounts of titratable acid.** 

Because maintenace requirements of water and electrolyte are mini- 
mal in the first few days of life, very little fluid is necessary for infants 
undergoing surgery. The anesthetized infant’s fluid loss is less than basal, 
although pulmonary water loss may be slightly increased during endo- 
tracheal anesthesia. An indwelling intravenous polyethylene tube fitted 
to a stopcock can be filled with diluted heparin solution and shut off. 
This technique will provide a means for intravenous therapy to replace 
blood and interstitial fluid losses as they occur during operation and 
avoid the risk of overhydration from a continuously dripping infusion. 
Suppression of urine formation may persist postoperatively, so that less 
than maintenance amounts of fluid are needed.*! *° If transudation, 
hemorrhage or ileus with fluid distention develops, one must replace 
these sequestered fluids. 

The variable response of infants to surgery makes it necessary that 
frequent serum chemistries be done in order to avoid serious concen- 
tration and volume disturbances. The fluids outlined in Table 16 
provide a frame of reference, but do not eliminate the need for indi- 
vidualization. 


ABNORMAL LOSSES 


Abnormal losses of fluid may occur in the newborn infant in a variety 
of conditions. These losses may be internal in the form of sequestration 
of fluid as in ascites or in the increase in transcellular fluid in the gut 
lumen as in intestinal tract obstruction either due to atresia or in con- 
ditigns such as Hirschsprung’s disease. Body fluids may also be lost 
externally from vomiting, diarrhea and external drainage. These losses 
should be replaced as they occur with intravenous solutions of the 
same volume and electrolyte composition as the fluid lost.1*: +* Abnormal 
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losses of water and electrolyte from the body may also occur primarily 
by way of excessive renal excretion. 


DIABETES INSIPIDUS 


Infants born with nephrogenic diabetes insipidus may become sympto- 
matic in the first week of life. This is particularly true for the affected 
males.* The large urine volumes of low osmotic activity are rarely noted 
initially in these infants. Unexplained weight loss, fever and poor tissue 
turgor are the more common presenting signs.**:°> The hypertonicity 
of the extracellular fluid is reflected by elevated serum sodium and 
chloride concentrations and prerenal azotemia. These infants require 
enormous quantities of water because their urine osmolarities range 
between 50 and 100 milliosmols per liter of water and only increase over 
100 milliosmols per liter when serious hypernatremia develops. The less 
seriously affected infants are usually not recognized in the first week 
of life because they are able to excrete urines of higher osmotic 
activity. This disease can be distinguished from other congenital 
nephropathies because infants with the latter excrete more isotonic 
urines. The usual evaporated milk formulas contain too large an osmotic 
load (280 milliosmols per liter of formula). The infants are more easily 
managed on a formula of low electrolyte content providing 2 gm. per 
kilogram of body weight as protein and supplemented with carbohydrate 
and fat to provide the necessary calories.24 The formula should be diluted 
with sufficient water to reduce the osmotic load to levels of 100 milli- 
osmols per liter or less. Extra water will be necessary to cover the insensible 
water loss. Simple dilution of the usual evaporated milk formula would 
involve such large volumes the infant could not tolerate them.*? Even 
with low solute formulas these infants may require parenteral glucose 
infusion in early infancy because they cannot drink sufficient water 
to prevent dehydration. The reported beneficial effects of chlorothiazide 
or its derivatives’? in the management have been transient in our 
experience. 


PSEUDODIABETES MELLITUS 


Excessive losses of water may also result from the solute diuresis in- 
duced By transient glucose intolerance in the newborn.”® ** These in- 
fants exhibit poor weight gain and severe dehydration beginning during 
the first week of life. They have an elevated blood glucose level, poly- 
uria and glycosuria. They do not exhibit acetonuria. The administration 
of insulin is often necessary in the management of this disorder, and 
the hyperglycemia responds to relatively small doses of insulin. One 
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to two units of regular insulin daily will often suffice to control hyper- 
glycemia. The diabetic state disappears after a few weeks or months. 


ADRENAL INSUFFICIENCY 


Excessive losses of salt in the urine may result from transient adrenal 
insufficiency, particularly in the premature infant or in adrenal hyper- 
plasia associated with salt wasting.’ Salt-wasting adrenal insufficiency 
should be suspected in infants who lose weight excessively and exhibit 
dehydration, particularly in the absence of diarrhea or vomiting. The 
adrenogenital syndrome may be suspected in the female if clitoral 
enlargement is present, but genital hypertrophy is not usually evident 
in the male at this age.®* Adrenal insufficiency resulting from hemor- 
rhage or infection may be associated with unexplained fever prior to 
the development of dehydration. The excessive urinary sodium content 
in the presence of a low serum sodium and chloride and a high serum 
potassium concentration is confirmatory evidence of adrenal insuffici- 
ency. Special laboratory studies of urinary steroid excretion after ACTH 
administration are necessary to distinguish the various forms of this 
disease.*# When symptoms are severe, rapid parenteral infusion of 
isotonic sodium chloride solution initially is essential to support the 
blood volume and promote potassium excretion. The approximated 
weight loss will prescribe the amount of saline necessary. This may 
range from 50 to 150 cc. per kilogram of body weight. One to 2 mg. 
of intravenous Solu-Cortef should be included initially as well as 
1.0 to 2.0 mg. of intramuscular DOCA. If shock persists, 20 ml. per 
kilogram of blood should be transfused, followed if necessary by a slow 
rate of infusion of norepinephrine (1 mg. diluted in at least 250 ml. 
of solution). Subsequent therapy, including hydrocortisone, is highly 
individualized, requiring frequent serum electrolyte analyses to deter- 
mine the optimal maintenance requirements. 


CONCLUSION 


Nowhere in the field of fluid therapy is the necessity for determina- 
tions of solute concentrations of body fluids more important than in 
the newborn period. Because of an absence of adequate knowledge of 
the prenatal environment and because of the known limitations of the 
homeostatic mechanisms of the newborn infant, therapy is almost 
completely dependent on an adequate knowledge of the concentrations 
of electrolyte in the body fluids. The volume of body fluids can be 
approximated clinically by careful physical examination. The perform- 
ance of a number of laboratory determinations on small infants requires 
the establishment within every hospital caring for infants of ultramicro 
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laboratory methods so that capillary blood can be used and accurate 
analyses performed. The determination of concentrations of sodium, 
chloride, potassium, protein, bilirubin and total blood sugar does not 
require more than 100 microliters of blood, which can be readily col- 
lected from the capillary bed. Every effort should be made to obtain and 
utilize ultramicroanalyses for optimal newborn care. 
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INFANT FEEDING 


Breast Feeding 


PAULINE GEORGE STITT, M.D. 


Factors in initiation of breast feeding are not concentrated into a brief 
neonatal time span of a few days following the mother’s delivery, but 
are distributed over the antenatal months, the hospital stay or puer- 
perium, and the adjustment period that follows homecoming of mother 
and child. 

In a report on maternity in Great Britain® it was stated that “.. . 
antenatal supervision stands out as more important than any other 
factor, biological, social, or economic, which has to be considered”; 
and that “. . . the establishment and maintenace of lactation depends 
more on the quality of antenatal supervision than on care given during 
the puerperium.” The perperium and later adjustments determine 
duration of breast feeding, but initiation is largely determined ante- 
natally. 


FACTORS IN THE ANTENATAL PERIOD 


Breast feeding is a partnership between mother and child and requires 
health and vigor of both partners. The mother’s physical status must be 
adequate to support the outlays of nursing. This requires adequate 
nourishment for herself and the child through pregnancy and lactation, 
and that she supply nutritional stores to sustain the newborn during 
the first two or three weeks of life when lactation is gradually es- 
tablished. Emotionally, she has similar needs for supports to sustain 
her and enable her in turn to pass on generous provisions to the child. 

These maternal needs require prenatal care that avoids obstetrical 
catastrophes, launches a healthy baby, and does so in a manner mindful 
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of the mother’s own needs for general health supervision and physical 
and emotional replenishment. 

There are various ways in which prenatal help is given—the customary 
obstetrical, nursing and nutritional supervision, and in some instances 
the added supports of social work and of pediatrics. 

Prenatal pediatric counseling may enable the mother to get a glimpse 
of what she can reasonably expect of herself and her baby in the process 
of establishing and maintaining lactation. With pediatric and obstetrical 
help the mother and those serving her can recognize lactation as a 
process, rather than as a condition which either exists or does not exist 
within some arbitrary brief postpartum time span. 

Pediatrics, recognized as safeguarding the baby, is in position to 
reduce the harmful urgencies other disciplines may feel to launch fall 
feeding and early weight gain. Pediatric presence can give others a 
confidence that lets them supply supportive services to the nursing 
pair during establishment of lactation, rather than a harassment which, 
however well intended, leads to breast problems, discouragement, and 
abandonment of breast feeding. 


Youthful Mothers 


In the United States the median age of women at first marriage is now 
about 20 years.* This means, of course, that many marrying women are 
in their teens and that their years of childbearing approach, or coincide 
with, late adolescence. 

Baird et al.,1-? analyzing Aberdeen birth records by maternal age, 
social class and parity, found childbearing performance strikingly more 
efficient in the young. For example, 80 per cent of mothers under 25 
delivered spontaneously in less than 20 hours, compared with 20 per 
cent of mothers aged 35 or more. Efficiency of lactation behaved in 
the same way. It is generally agreed that obstetrically there is much to 
recommend youthful childbearing. Pediatrically, youthful maternity 
presents a challenge and an opportunity. Pediatric participation in the 
prenatal period not only can provide anticipatory guidance and parental 
preparation, but also can assure that pediatric insights carry over into 
services for both the youthful mother and her child, a potent factor in 
preparation for breast feeding. 

Jackson and her colleagues,’ Levine’ and others have stressed that 
breast feeding, when mutually enjoyed by mother and child, offers 
much to facilitate a good mother-child relation, but that if the mother 
does not enjoy breast feeding, the relation may be adversely affected. 

There are many reasons, some exceedingly complicated, why some 
women do not wish to breast feed, but an apparently common reason is 
fear of failure—fear of failure to function in this womanly fashion, 
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and fear that even if able to nurse, she might not know whether the 
milk produced was sufficient for the baby’s needs. Prenatal preparation 
helps women who are sure they want breast feeding, and also reaches 
some who otherwise would hold back for fear of failure. Those who 
emphasize how “normal” breast feeding is sometimes find that even 
that presentation reinforces fear; for if breast feeding is so normal, then 
failure would be a sign of abnormality. 

Prenatal preparation needs to provide the mother with opportunities 
to discuss breast feeding in a comfortable manner. Her comfort seems 
largely dependent on (1) freedom from proselyting pressure and (2) 
freedom from embarrassment. 

Pressure. The World Health Organization Expert Committee on 
Maternal Care" has stated: “Excessive exhortation, far from improving 
the situation, may produce a condition of such mental tension as in 
fact to have the opposite effect,” a statement worth remembering in 
those clinic settings where not all who exhort are equally able to help 
a willing mother succeed in a breast feeding attempt. 

Desire to breast feed must be distinguished from compliance, or a 
desire to do what one thinks is expected; but even then, willingness to 
breast feed, or even eagerness to do so, does not guarantee success. 
Like the rest of childbearing, breast feeding proceeds best when ex- 
perienced helpers sustain the mother. 

EMBARRASSMENT. In addition to being part of the multiple physical 
embarrassments of prenatal care, an additional embarrassment often 
seems to be the mother’s assumption that she alone is ignorant about 
this basic female physiologic function. In a situation in which women 
have opportunity to express themselves freely one finds that few have 
had close contact with nursing mothers. Inexperience leaves room for 
misinformation and disturbing doubts, and there are such questions 
as, “If you do nurse, how do you ever get the milk to stop?” Since 
maternal relaxation is prerequisite to lactation, it is essential to remedy 
needless maternal anxiety. 


Active Preparation for Nursing 


Prenatal breast inspection assures the mother that breast feeding counsel 
is realistically based on her own anatomic factors, reassuring since many 
have misgivings and confusions on the subject of external configurations 
of the breast, and assume a relation between form, size and function. 
They fear that small or flat breasts, or flat or retracted nipples, preclude 
breast, feeding. Correction of these misconceptions often opens the way 
to preparation. 

Active preparation for nursing is usually reserved for the last month 
of pregnancy. Manual expression is usually demonstrated, since such 
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expression is found to help many mothers in the early weeks of nursing, 
and the technique is more easily mastered in pregnancy than later on 
when the breasts are engorged. 

Antenatal expression of colostrum clears ducts of inspissated secre- 
tions and is therefore thought to reduce postpartum breast engorge- 
ment, since milk flow is unblocked. Inelastic or retracted nipples are 
rendered more elastic, and expression of colostrum reassures a mother 
of the adequacy of her nipples for nursing. She is also assured that the 
shape and adequacy of nipples improve during pregnancy. 

Use of friction to toughen nipples, or ointments to soften them, is 
not recommended, since each entails risk of damaging the epithelium. 
In England special nipple shields are sometimes prescribed to exert 
extrusion pressures on retracted nipples, but in this country it is felt 
that manual expression—and the baby—accomplish the purpose. 

When pediatricians participate prenatally, they are able to reinforce 
the counsel of the obstetrician and other personnel, and to interpret it 
in relation to future breast feeding. Most important pediatrically, they 
are able to launch anticipatory guidance, giving the mother realistic 
expectations of what to expect of herself and her child during the first 
faltering weeks of normal motherhood and lactation. 

This anticipatory guidance would be helpful from any source, but 
is particularly useful from a pediatrician, since by definition a pedia- 
trician is recognized as one who safeguards the baby; and his preparatory 
counsel may be recalled later and serve to steady the mother and her 
professional attendants during the prelacation stage and early days of 
milk production, when they might otherwise be fearful of their respon- 
sibilities to the child, and compelled by their own insecurity to resort 
hastily to artificial feedings. ‘ 


FACTORS IN THE HOSPITAL PERIOD 


Success in nursing depends largely on its being undertaken in a rea- 
sonably relaxed, optimistic and patient fashion during the several weeks 
required for establishment of full milk supply. 

The hospital stay is usually short—often five days—which means that 
discharge occurs only a day or two after the milk begins to come in. 
Even so, the hospital environment—hospital arrangements, routines 
and, above all, staff attitudes and expectations—often spells the dif- 
ference*between later failure and success. 

In a five-days’ hospital stay the appropriate hospital goal is to work 
toward establishment of successful lactation when the mother and child 
get home, and toward that goal to keep feeding as simple and natural 
as possible. 

Building on previous prenatal anticipatory guidance about when and 
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how milk comes in, postpartum mothers need to be kept informed 
of their satisfactory progress, for all too frequently their unrealistic ex- 
pectations produce unwarranted disappointment, sense of failure, and 
resultant abandonment of a process that in reality is proceeding well. 

When mothers expect almost immediate lactation, and become need- 
lessly anxious during the normal gradual establishment of the mother- 
baby nursing partnership, physicians may try to relieve the anxiety in 
what seems the easiest and quickest way—weaning. Or they themselves 
may become anxious and introduce supplementary feedings in mis- 
guided apprehension about the baby’s weight. 

Pediatric guidance has a salutary effect in a hospital, interpreting 
the normality of initial weight loss, and reminding that not only is there 
ordinarily no need for haste in securing weight gain, but also that such 
haste would not coincide with physiologic realities of lactation or the 
well-being of the newborn. 

Mothers without adequate criteria of nursing success are apt to attach 
undue significance to the normal newborn weight loss and the time 
lapse before weight gain. Pediatric counsel at this time may affect 
initiation of breast feeding and lay groundwork for other salutary par- 
ent-child relations. 

Parents and professional personnel get help from knowing that the 
pediatrician uses a variety of criteria of satisfactory infant progress, and 
see that pediatrics has more to offer than formula prescription. They 
relax some of their preoccupation with infant weight as the sole criterion 
of progress, as the pediatrician utilizes subtler forms of growth and 
development appraisal, physical examination interpretations and other 
forms of parent counseling. 


Prelactation Nursing 


Some observations* indicate that prelactation nursing tends to increase 
milk supply and, by keeping ducts open, lessens possibilities of excessive 
engorgement. Mothers may need to be reminded that although milk 
will not start to come until two or three days later, colostrum suffices 
until then. Since colostrum has a creamy yellow color in contrast to 
thin, blue-white breast milk, additional anticipatory guidance may be 
in order, for many women view the change with dismay, assuming that 
their milk is deteriorating. 

It is beneficial to start nursing as soon after delivery as mother and 
child are both in good condition. As Gunther® says, “There is no time 
to be lost letting the mother and child be together (except at night) 
and none in starting feeding from the breast.” 

Hospital practice varies from place to place. In hospitals where 
mothers are conscious during delivery, they sometimes nurse their babies 














632 INFANT FEEDING: BREAST FEEDING 


in the delivery room directly after the third stage of labor.*: 5 Nipple 
stimulation acts on the pituitary and releases Pitocin into the blood 
stream, with resultant contraction of the uterus, reducing bleeding and 
hastening return of the uterus to the nonpregnant state. Some hospitals 
utilize these reactions by putting a baby to breast when they want to 
express a reluctant placenta or check excessive bleeding.'® 

Initial nursing contacts are also gentle get-acquainted sessions, and 
the mother should not expect too much of either the baby or herself.§ 
Care is taken to avoid breast trauma. Both breasts are offered at a feed- 
ing in order to relieve milk pressure in both breasts, and to avoid exces- 
sive feeding trauma to one. Sucking time is restricted to about two to 
five minutes, with termination of feeding when the baby relaxes. 

Guminc THE Morner. Experienced observers® have commented that 
instinct does not tell a woman how to feed her first baby, and that it 
is cruel to leave it all to the mother, saying that it is a “normal” process. 
We add that multiparae need help, too. Many have had no previous 
nursing experience, and some have had experience of a negative sort. 

Prelactation nursing affords opportunity for a nurse to guide and help 
mothers. She may help the mother and baby find comfortable nursing 
positions, and point out that the baby’s rooting and sucking activities 
will ordinarily stimulate the nipple to functional shape. She can demon- 
strate that if the baby’s head is pushed forward, he can only push back, 
but that when the nipple touches his cheek he will turn toward the 
nipple with rapid side-to-side motions of his lips, which stimulate the 
nipple so that he can get it into his mouth. 

The nurse can help put the baby to breast, explaining the importance 
of having his mouth well up on the breast so that the gums press the 
areolar area. In this way the nipple is well back in the baby’s mouth, 
kept in place by the sucking he does with his cheeks and tongue; and 
he can carry on the two mechanical components of nursing—emptying 
the sinuses by jaw action, and sucking up milk by mouth pressure. 

The milk reservoirs underlie the areola, and the jaw pressure rather 
than mouth suction is the principal means of getting milk from the 
breast. The areola is tough and relatively insensitive, whereas the nipple 
is tender and sensitive—additional reasons to make certain that the 
nipple is well into the mouth when the jaws come into action. 


Early,Lactation 


By the fourth day of life, sucking is fairly well established and milk 
starts coming in, but may not be available in large quantity or replace 
colostrum for two weeks more. In the meantime the nursing process 
itself is getting launched, and in turn helps establish milk flow. 
Frequent nursings at short intervals constitute the important stimulus 
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to milk production, and usually the smaller the baby, the more frequent 
the feeding will need to be. 

It is important that the mother understand that short intervals are 
normal and necessary for most babies and mothers and do not represent 
deficiencies in lactation. She may even like to know that a factor 
in frequency is that breast milk, being readily digestible, leaves the 
stomach sooner than other milks. 

ReFLex PHenomena. Hopefully, anticipatory guidance during the 
neonatal period and supportive care during the first few days of nursing 
will help the mother through the transitory discomforts of breast 
twinges, and short, spasmodic uterine pains which often occur when 
the child is put to breast during the early days of feeding, and which 
are responses to pituitary stimulation. The same hormone that is still 
acting on the uterus is also beginning to play an increasing part in milk 
expression. 

In animals, milk in the gland is only partly available by ordinary 
milking methods, but becomes more available by a neurohumoral ex- 
pulsion mechanism called the “let-down” or “draught” reflex. Waller® 
and others have demonstrated the reflex in women, in whom it appears 
mediated by afferent stimuli from the nipple and areola, acting on the 
hypothalamic—-neurohypophysial system with liberation of effective 
hormonal principle causing contraction of the myoepithelial cells sur- 
rounding the alveoli, and producing ejection of the milk, sometimes 
seen as a brief spray when a baby’s mouth is abruptly taken from the 
breast. 

Uterine sensitivity gradually weakens, and while this is going on 
sensitivity of the breast tissues to the hormone gradually increases, until 
the “let-down” reflex is well established between the second and eighth 
weeks. 

This reflex mechanism is sensitive to physical and psychic factors, 
responding positively, for example, to sucking, a warm bath, and some- 
times to the child’s hungry cry, or the mother’s preparations for nursing. 
It can be inhibited by the negative emotional factors of fear, pain or 
embarrassment—frequently components of a woman’s immediate post- 
partum period. When inhibition occurs, it can be a deterrent to breast 
feeding. Inhibition produces an unyielding breast, and a baby sucking 
against an unyielding breast tends to traumatize the nipple. 

Marternat Artirupes. Maternal attitude is deeply affected by the 
experiences of the first days. When feedings go awkwardly, care must 
be taken to avoid speaking as though either of the nursing partners 
were at fault. The drowsy, slow baby should not be labelled as “lazy,” 
nor the vigorous approach of another called “biting,” or implied to be 
aggressive. Likewise, if a baby fusses or cries, it is better not to take 
him away from the mother to be dealt with elsewhere, but to let the 
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mother “triumph in comforting him.”> Competent, capable professional 
people can do much to help a mother launch nursing, but must be 
careful not to let their own child-caring skill and zeal overshadow her 
emerging talents. As in all other elements of parental care, the mother 
must have opportunity to succeed. 

Nursing proceeds best with privacy. In some instances the physical 
presence of a physician or nurse during nursing may hinder rather than 
help, so that contacts at that time should be kept brief and considerate. 
Even in cultures where breast feeding is commonly conducted in public, 
one is impressed with the provisions for some degree of privacy, espe- 
cially for the inexperienced mother during the launching of lactation. 

Nursinc Strmutus. Nursing stimulus is the prime factor in initiation 
and maintenance of milk supply. All other factors are secondary. It has 
been repeatedly demonstrated that even when nursing is delayed or 
interrupted, as in prematurity or maternal or infant illness, lactation 
can still be started or resumed successfully as long as there is adequate 
nursing stimulus. 

Any hospital practice that interferes with adequate nursing stimulus 
should be studied and, if possible, modified. Deterrent practices include 
the traditional four-hour feeding schedule, separation of infant from 
mother, thus preventing a flexible or “demand” feeding schedule, and 
the use of milk or glucose feeding in lieu of, or as supplements to, 
nursing. 

Since nursing stimulus requires strong sucking on the infant’s part, 
and relaxed patience on the part of the mother, much depends on 
care and preservation of the breast, lest the sucking become intolerable 
to the mother. 

Breast Care. Breast care during lactation demands gentleness— 
gentle cleansing as daily bathing of the breast with plain water, but 
no other nipple washing; substantial brassiére support, and, above all, 
protective feeding arrangements permitting flexibility and frequency, 
especially in the early neonatal period. The aim is to keep sucking time 
brief enough to avoid breast trauma, yet frequent enough to stimulate 
milk flow, empty breasts, and reduce likelihood of excessive engorge- 
ment. 

The “letdown” reflex operates on both breasts, not just on the one 
at which the child is sucking; thus the baby should suck at each breast 
at each feeding in order to cut down back pressure with discomfort 
and ifhibition of milk production. 

Time interval between feedings largely determines sucking time. 
When feeding frequency is set by the baby’s needs, duration of sucking 
time tends to adjust automatically, short feeding intervals usually being 
accompanied by short feeding sessions. Length of nursing sessions grad- 
ually increases until at the end of the first week or two the full nursing 
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time of approximately 15 to 20 minutes has been reached. Most babies 
utilize available milk flow in this length of time, and the breast is spared 
undue trauma which produces fissures, excoriated nipples, and breasts 
too painful for nursing. 

When a nipple is sore or cracked, it is often recommended that the 
baby not nurse at that breast until the nipple is healed. When this 
advice is followed, the mother needs to use manual expression of milk 
from that breast to avoid engorgement. This is time consuming, and 
many mothers prefer to continue nursing on the affected breast while 
the nipple heals. Infections occasionally occur in lactating breasts, but 
under present management, babies can usually be kept on the breast 
during treatment. 

For ordinary nipple care it is best to keep nipples clean and dry 
between nursing. Even for sore nipples, this promotes healing better 
than local ointments or other applications. 

Accommodations to the baby’s nursing impulses can best be achieved 
in an arrangement whereby the baby can be with the mother, rather 
than in a central nursery. When a central nursery is used, the pedia- 
trician may help initiate breast feeding by ordering that the baby be 
brought to the mother whenever he appears hungry, and left as long 
as needed. At the least, the pediatrician can order breast feedings every 
three hours and that the baby shall be given nothing else by mouth. 

SteEP. Most newborn infants nurse and sleep alternately at first, and 
tend to fall asleep while nursing. They should be permitted to rest, 
rather than be subjected to miscellaneous annoying stimuli intended 
to rouse them. Later, as a mother’s “let-down” reflex and a child’s 
swallowing become morte efficiently established, nursing is longer and 
soon vigorous at a session, and sleep is longer between feedings. 

Hospital personnel attending newborn infants should be alert to 
distinguish the normal sleep-eat, eat-sleep patterns, from the sleep of 
fatigue, the baby who is narcosed by his mother’s delivery medication, 
and the child who is manifesting pathology. 

On an arbitrary and wide feeding interval the baby who gets too 
hungry may be so exhausted that he falls asleep before finishing. Both 
the lusty eater and feeble eater take rest periods through the feedings. 
The lusty eater feeds with gusto, exhausts himself, and pauses for 
breath; the feeble eater tires even from languid effort. 

In addition to rest periods, most experienced nursing mothers recog- 
nize mouthing, nipple play and dawdling as appropriate and essential 
parts of a breast-feeding period. The uninitiated may misinterpret these 
essential developmental activities as untimely interruption of what they 
regard as serious business. 

Excessive Manrputation. Newborn infants tire on manipulation. 
They do well when picked up frequently as part of feeding, diapering 
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and other attentions, but react poorly to extensive baths and laborious 
care, especially when performed by inept young mothers or overzealous 
attendants. After such ministrations babies are often too tired to eat. 
This is not only worth remembering in the hospital, but also is some- 
thing to bear in mind in preparing the mother for the days at home. 


FACTORS IN HOMECOMING ADJUSTMENT 


Homecoming, especially when as early as the fifth day, calls for a 
supporting type of maternity and pediatric care, and demands obstetric 
and pediatric rethinking of the timing of professional services to mother 
and child during the first one to two months of infancy. Earlier and 
more concentrated services might be more helpful than the present 
tendency to defer obstetric follow-up until the “six-weeks postpartum 
examination,” and child health supervision until sometimes the end of 
the first month. 

The time between hospital discharge and these supportive services 
is the time when the mother’s physical stamina and her general sense 
of maternal adequacy are at low ebb. She needs help and is so receptive 
to professional guidance at this time that often a small amount of 
assistance can accomplish more than greater attentions at a later date. 

In addition to medical services and those of a visiting nurse, the 
mother might be greatly bolstered by help in the home—particularly 
housekeeping or homemaker service—not introduced to care for the 
baby, but to relieve the mother of other responsibilities so that she is 
better able to succeed in the new role of mothering. The mother’s easy 
fatigability also demands simple child care routines if breast feeding 
and other mothering are to be happily accomplished. : 

Feeding frequency commonly increases during the first day or two | 
at home. The baby’s needs are expanding, and his mother’s supply is 
temporarily depressed by physical and psychic strains of homecoming. ' 
If the baby can go to breast as often as he wants, nursing stimulus ' 
brings the milk, and feeding intervals widen, and by the time lactation 
is fully established most breast-fed babies have settled on an approxi- 
mately three-hour schedule during the day, and as needed—ordinarily 


once or twice—during the night. t 

In most babies, whether on bottle or breast, there are diurnal varia- v 
tions in appetite. In breast feeding there may also be diurnal variations . 
in milk production. Maternal strain and fatigue can exaggerate the 0 
variations, but mothers should be assured that even when the rest and st 
food of both partners are sufficient, there is often a shorter feeding . 
interval late in the day, and that it does not reflect against their milk th 
or against the success of their infant feeding—an idea prevalent in - 


some maternal circles. > 
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The first two to three weeks constitute a major period in initiation 
of breast feeding. Pediatric counsel may protect the mother from some 
of the commoner pitfalls—a too abrupt return to a heavy work or 
social schedule, or ill-timed attempt to return to prepregnancy figure by 
stringent self-imposed diets. The pediatrician himself can avoid de- 
liberate introduction of one or more bottles of artificial feeding per 
day, which, regardless of why offered, almost invariably spell the end of 
breast feeding. He will help parents steer clear of supplemental feed- 
ings given to relieve their anxiety that baby gets enough, and can help 
them realize that even at satiety the nursing reflex in many babies will 
automatically let them take an ounce or more from a bottle. Such 
intake, being automatic, is no evidence of a deficiency in the mother’s 
milk supply, but can soon lead to lactation deficiency by cutting down 
the nursing stimulus the baby would otherwise apply to the breast. 

It takes some six weeks for breast feeding to be thoroughly established. 
By that time there is usually a close relation between reflex output and 
feeding time. Waller® and others have commented that experienced 
women who have successfully nursed several children at breast regard 
the phenomenon of the well established let-down reflex “as an index 
of the security of their yield.” From that point on breast feeding can 
usually be depended on right through to optional weaning some months 


later. 


CONCLUSION 


Factors in the initiation of breast feeding are distributed over the 
continuum of pregnancy, the puerperium and the early weeks of mother 
and child at home. Pediatric help is needed throughout the whole time 
span, in anticipatory guidance, interpretation of normal phenomena 
and in helping review and revise traditional routines of newborn care, 
so that practices can be brought into line with the advancing knowledge 


of the physiology of lactation. 


Eprror’s CoMMENT. The Consulting Editor would like to make four comments 
on Dr. Stitt’s excellent paper. 

1. Dr. Stitt emphasizes the importance of the nurse’s role in guiding and helping 
the mother get started with breast feeding. I would add that many nurses interfere 
with successful lactation by impressing the mother with her own inadequacy, ignorance 
and incompetence as compared with the overwhelming presence of the opposite 
qualities in the nurse; by relating to mothers gory tales about breast abscesses and loss 
of cosmetic appeal as the result of breast feeding; by offering the infant unnecessary 
supplemental feedings (many nurses resent being robbed of the opportunity of feeding 
the baby at least occasionally); by remarks about how much more rapidly bottle-fed 
babies gain weight as opposed to breast-fed babies; by emphasizing weight loss during 
the first few days of life; by remarks that the mother’s milk does not look very “strong”; 
and by generally discouraging the mother who wishes to nurse her infant by making 
the whole process difficult and unpleasant. Physicians and hospitals interested in 
encouraging breast feeding should make an attempt to eliminate such nurses from the 
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care of the newborn or their mothers. Later interviews with mothers who successfully 
breast-fed their babies are probably the best way to identify these undesirable nurses. 

2. Dr. Stitt rightly points out the desirability of having the baby nurse at both 
breasts at each feeding. I would add that this procedure also reduces prolonged con- 
tact of the nipple and areola with moisture, and, therefore, reduces chapping and 
cracking of the nipples. 

3. Dr. Stitt recommends “feeding the baby when he is hungry” as a means of 
encouraging breast feeding. I would modify this by advocating that, in general, the 
infant be fed no more frequently than a three-hour interval between the beginning of 
one feeding and the beginning of the next, and that he not be awakened for feedings 
unless the mother’s comfort demands it. Along similar lines, the common obstetrical 
practice of having the breast-fed baby fed in the nursery at night “to avoid disturbing 
the mother” is a fallacy. This results only in wakefulness on the part of the success- 
fully nursing mother because of the discomfort of engorged breasts; she would actually 
get more sleep by feeding the baby and thus being able to go back to sleep in comfort. 

4. At the end of her paper, Dr. Stitt may be interpreted by some as advocating 
weaning at the age of four to five months. In the editor’s opinion, the “natural” age 
for weaning (provided the baby is always nursed away from the bustle of the house- 
hold) usually comes by about 10 months, when he or she no longer wishes to be 
restrained in seclusion in mother’s arms, unable to watch the interesting happenings 
going on in the home.—R. J. McK., Jr. 
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INFANT FEEDING 


Formula Feeding 


LEWIS A. BARNESS, M.D. 


At is likely that no area in the care of the newborn infant is less 
critically or more controversially approached than his feeding. What, 
when, how and how often to feed are questions surrounded by emo- 
tions, beliefs, fads and even commercialism, all of which tend to obscure 
the basic goals of infant feeding. 

In spite of the varied practices utilized in early feeding, most physi- 
cians have noted that most healthy infants will progress in an apparently 
normal fashion regardless of the type and frequency of feeding, provided 
calories are adequate. Indeed, infants fed widely varying formulas 
may be indistinguishable from each other as far as their nutritional 
status can be evaluated. Yet the best evidence for proper infant feeding 
is given by the healthy infant himself, and it behooves us, as physicians, 
to learn from him. 


GOALS 


It is easy to say that the goal of infant feeding is a healthy, happy 
infant. The adjectives “healthy” and “happy” unfortunately are subject 
to varied interpretations. A “healthy” infant is presumably one without 
disease. But the term should probably include in this context a con- 
tented child resistant to infection, resistant to other stresses, and with 
adequate but not excessive growth and development. 

A “happy” infant is an even greater enigma, though frequently the 
term has been taken to mean a baby who doesn’t cry. But how can 
happiness be defined in a newborn who doesn’t talk, doesn’t emote, 
doesn’t smile—indeed, doesn’t communicate—when philosophers are 
unable to define happiness even in the so-called rational adult? 


639 











640 INFANT FEEDING: FORMULA FEEDING 


The importance of proper early infant feeding has long been recog- 
nized. In simple terms, it is known that aspiration of an early feed may 
result in pneumonia and chronic illness or death. That more subtle 
effects may result from inadequate composition of early infant feeding 
is suggested by the work of Widdowson and others,"! who found that 
baby rats, deprived of sufficient early feed, might remain dwarfed 
regardless of subsequent amount or type of feeding. Such “imprinting” 
is not obvious in human beings, but the possibility that it may occur, 
perhaps influencing their ultimate size, intelligence, length of life or 
development of disease, gives stimulus to a more thorough search for 
the best infant feeding. The small infants resulting from placental 
insufficiency may be an example. It has been suggested that such infants 
suffer from undernutrition in utero because of a defective placenta 
which does not permit sufficient nutrients to pass to the fetus. 

The possibility that a more intelligent or a more morally responsible 
race may result from better early feeding practices is indeed challenging 
to the physician responsible for feeding young infants. 

When the responsibility of these goals is appreciated, the physician 
tends to become conservative. Radical departures are avoided. 

Intermittently one reads of feeding cold formulas, solid foods, coffee 
or unsterile formulas. Some of these are mentioned in more detail 
later, but, generally, new procedures are not adopted unless proved 
by adequate studies. Experimental formulas are reserved for the labora- 
tory, and experimental feeding practices should be limited to areas 
where critical analysis can provide bases for reasonable conclusions. 


RELATION TO THE FEEDER 


The mother should understand that optimal growth is not necessarily 
maximal growth, and that her infant will grow at a rate suitable to him. 
A scale, if used, should be a tool for the mother’s information, and 
not the master of the feeding regimen. The mother should never try 
to force the infant to feed, even from his earliest days. 

Since feeding and feeding practice constitute much of the contact 
-of the newborn with his environment, it is urgent that the mother, 
the father and the physician understand the methods and needs of the 
infant to the best of our knowledge. Regardless of the specific details, 
reassurance and explanation of procedures with adequate answers to 
parents will result in better child-parent relations. Anticipation of parent 
problems related to crying, interval between feedings, length of feeding 
time, and changes in the family routine will help instill confidence. 

No stigma should be expressed or implied to the mother who does 
not nurse her infant for whatever reason. The natural love of the mother 
for the baby should be utilized, and she should be instructed to hold 




















LEWIS A. BARNESS 641 


the baby firmly but gently so that both mother and infant are com- 
fortable during the feeding. The family should know of the normality 
of weight loss and weight gain in the early days of life. The distraught 
mother should be heard sympathetically, even though her problems 
may be insignificant or seem absurd to the experienced physician. The 
infant should be dry before feeding. 


FIRST FEEDING 


Some infants seem ready to eat as soon as they are born, and some 
not for 12 to 24 hours. Although it would seem desirable to treat each 
infant according to his own desires, such procedure is usually not 
possible in a busy nursery. 

In general, no infant should be fed before he has recovered from 
the experience associated with delivery. He should have good tone, 
good color and a cry. His skin should feel warm. At 4 to 12 hours 
most infants are ready to feed. Infants born by cesarean section or of 
diabetic mothers may have increased amounts of amniotic fluid in their 
stomachs. Such infants’ stomachs are customarily aspirated at birth to 
minimize the possibility of aspiration pneumonia. Such a procedure 
may also facilitate the digestion of the first feeds. 

First feedings should be 1 to 2 ounces of distilled water or half-isotonic 
sodium chloride solution. A solution containing 5 per cent carbohydrate 
in water may be used. Glucose or other carbohydrate, however, if 
aspirated, may be irritating to the trachea and bronchi. The few calories 
supplied by the small amount of glucose in the usual glucose-water 
mixtures are negligible for the infant. Thereafter carbohydrate and 
water feedings should be offered every four hours for the first day. The 
infant should be aided in the eructation of air after each ounce and 
at the conclusion of each feeding. 

Insufficient water is responsible for many of the early fevers of the 
first days. High environmental temperature may cause fever in the 
young. Sepsis and intracranial injury can cause fever in the newborn, 
and newborns should be examined for these in the presence of fever. 

Though many normal infants regurgitate small amounts of feeding 
from the first feeding on, and almost all infants regurgitate some feed- 
ings, vomiting or increased secretion of mucus after the first feedings 
should make one suspicious of obstruction of the gastrointestinal tract 
or intracranial injury. Tracheo-esophageal fistula should be considered 
with choking and vomiting. Rarely, adrenal insufficiency may cause early 
vomiting. The nature of the vomitus may be helpful in localizing 
disease. 

Lethargy, failure to suck or lack of interest in food should make one 
suspicious of localized or generalized infection, as well as of intracranial 
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injury. Any failure to eat well should be considered a sign of imminent 
serious disease. 

Almost all infants will pass meconium within the first 24 hours. 
Failure to pass meconium within this time may be due to meconium 
plug or other obstruction. Transitional stools, usually greenish, appear 
on the second or third day. They may be loose. Yellow, brown or 
very pale stools, the normal stool of the normal infant, should appear 
during the second half of the first week. Stool number may normally 
vary from one to six a day. 








TYPE OF FEEDING 


There is little doubt that breast feeding is the ideal form and food 
for the human infant. Although a few physicians have questioned the 
superiority of breast feeding, this is based on limited data. Since breast 
feeding is discussed elsewhere in this volume (see p. 627), suffice it to 
say here that among the advantages of breast feeding are its ready 
supply, convenience, sterility, naturalness, and the fact that teleologically 
it is the food for human infants. In a carefully controlled study in a 
technically highly developed country, Sweden, breast-fed infants were 
found to have fewer respiratory and gastrointestinal infections than 
artificially fed infants.’ Factors relating to resistance have not yet been 
discovered, though Gyérgy® has found factors in human milk which 
promote an almost total gram-positive flora, including Lactobacillus 
bifidus var. penn. The factors aiding the growth of this organism were 
found only in very small quantities in cow’s milk. The value of these 
factors or the significance of L. bifidus var. penn. is as yet obscure. At- 
tempts are being made to isolate various factors from human milk to 
include in and improve artificial formulas. 

Recently, in technically highly developed countries, a trend away 
from breast feeding has developed. ‘The argument in favor of artificial 
feeding is largely that the infant seems to do as well taking a modified 
cow’s milk formula. Curd size is modified by heating, asepsis is obtained 
by boiling, and convenience is obtained by formulas which are packaged 
with carbohydrate and vitamins, to which only water need be added. 
The price to the patient is somewhat higher than breast feeding. 


BASIS OF CONSTRUCTION OF FORMULA 


Physiologically, the full-term infant is apparently able to metabolize 
well all the major foodstuffs—carbohydrate, protein and fat.!° Proteo- 
lytic enzymes and lipase are adequate at birth or shortly thereafter. 
Amylase may be decreased for several months, but this is of no obvious 
concern to the otherwise normal infant who is fed carbohydrate in the 
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form of monosaccharides and disaccharides rather than starch. In spite 
of quantitatively normal lipase, saturated fat may not be well metabo- 
lized by the newborn. Unsaturated fat is usually well absorbed. 

A disagreement exists as to the value of “high-protein”-containing 
formulas, i.e. formulas in which approximately 15 per cent of the 
calories are derived from protein, compared with “low-protein” formulas, 
i.e. formulas in which approximately 10 per cent of the calories are 
derived from protein. Unfortunately, this argument is sometimes con- 
fused with the value of breast milk as an infant feeding. Partly because 
of this disagreement, the Food and Nutrition Board of the National 
Research Council® has not expressed a definite figure of the minimal 
daily requirement of protein for the infant less than one month of age. 

Human milk contains approximately 8 per cent of calories as protein, 
whereas cow’s milk contains 16 per cent. The protein of human milk 
may be somewhat better utilized than that of cow’s milk, but if so, no 
satisfactory demonstration of this superiority is available by balance 
or other metabolic techniques. Infants taking an 8 per cent protein 
formula, therefore, should grow and develop as well as breast-fed infants. 
Those who suggest that this formula should be used for infants believe 
that excesses of protein may have toxic effects, may interfere with stress 
situations, or may cause hypertrophy of excretory organs.*? Those who 
favor the higher protein formula suggest that a formula which is above 
the minimal requirement of protein provides for emergency or stress 
situations.* 

As for the type of carbohydrate to be added to the infant formula, 
the natural milk sugar is lactose. Early it was felt that the addition of 
different sugars would provide a steadier absorption of carbohydrate 
along the intestinal tract. It has been shown, however, that lactose 
tends to improve calcium absorption and nitrogen retention,? and like- 
wise, lactose-containing formulas are more likely to produce stools 
containing a predominance of gram-positive bacterial organisms than 
are other carbohydrates.1 Furthermore, it has been noted that a formula 
containing about 5 parts of lactose to 1 part of protein is more likely 
to produce stools similar in pH to those of breast-fed infants, and 
infants taking such a formula are less likely to have constipation, diar- 
thea or diaper rash.! Other carbohydrates, such as sucrose, glucose and 
dextrin-maltose mixtures, have been used successfully for many years, 
however, in infant nutrition. 

As for the fat in the formula, Hansen and co-workers® have indicated 
an advantage for animals of a food containing about 4 per cent of the 
calories as linoleic acid, a figure similar to that found in human milk. 

The total ash content of cow’s milk is about 1 per cent. Such’ a 
mineral intake is usually easily accepted and handled by the full-term 
infant. In hot climates, however, especially in the presence of an added 
high protein intake, it may embarrass the renal function of the infant. 
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According to the foregoing information, when artificial formulas 
are to be used, they should contain about 9 to 12 per cent of calories 
as protein, 45 to 55 per cent of calories as lactose carbohydrate, and 
the balance as fat, of which about 10 per cent of the fat or 4 per cent 
of the calories should be linoleic acid. The salt content should be 
reduced to be as close to 0.2 to 0.3 per cent ash as possible. Many such 
formulas are commercially available or can be easily approximated by 
diluting evaporated milk 1 part, water 2 parts plus carbohydrate 5 per 
cent (see Table 20). 

A simple method of calculating a formula which gives these approxi- 
mate proportions’ is as follows: 

Weight of child in pounds x 50 cals./lb. = total calories/day 

Weight of child in pounds x 242-3 oz./Ib. = total fluid/day 

Weight of child in pounds x 1 oz. evaporated milk/Ib. = total milk/day 
Weight of child in pounds x 0.1 = ounces of carbohydrate/day 

The commercial formulas available are diluted according to the 
package directions. Standard dilution provides 20 calories per ounce 
of formula, or, when fed at 242 ounces per pound of body weight, 50 
calories per pound. For the newborn these formulas are likewise diluted 
as described below (see Table 21). 

The formula should be sterilized within 48 hours of use, and should 
be warmed to body temperature before feeding. Once a bottle has been 
used, any excess should be discarded. 


FEEDING REGIMEN 


During the first few days water homeostasis is much more important to 
the welfare of the infant than calories. It is important that adequate 
water be supplied. The simplest method of accomplishing this is to 
make the early formulas more dilute than those recommended above. 
Adding 25 to 50 per cent more water so that the formula contains 
approximately 10 to 15 calories per ounce (30 to 50 calories per 100 ml.) 
rather than 20 calories per ounce (67 calories per 100 ml.) satisfies 
this aim. 

Also during the first few days it may be found that infants may 
take small feedings and cry frequently. Dehydration and excessive 
neonatal weight loss in such infants can be avoided only by frequent 
feedings—preferably every two to three hours. Within four or five 
days most infants begin to increase the interval between feedings. 


TABLE 20. Approximate Composition of Sample Artificial Formulas 


EVAPORATED CARBOHYDRATE WATER TO CALORIES PER CENT OF CALORIES AS 
MILK PER OUNCE PROTEIN CARBOHYDRATE FAT 





7 ounces..... 1 ounce 26 ounces 15 14 51 35 
13 ounces..... 1% ounces 30 ounces 20 16 45 39 
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To meet these desires of the infant, the following formulas may be 
given: 

Fiest 24 Hours. Nothing for + to 12 hours. Then, every 4 hours, 
water, 1 to 2 ounces per feed. 

Seconp to Fourtn Day. Formula containing 10 to 15 calories per 
ounce. Offer sufficient to supply, but do not expect infant to take, 
3 ounces per pound per day. If possible, feedings should be given when 
the infant cries and seems hungry. Otherwise, feed every four hours. 

Firta to Seventu Day. Same formula containing 10 to 15 calories 
per ounce, but attempt to space the interval longer. 

E1cutH Day AND SuBSEQUENTLY. Formula containing approximately 
20 calories per ounce, offered as described below. 


For the smaller full-term infant, i.e. under 6¥2 pounds, it may be 
desirable during the first week to offer feedings every 3 hours until the 
infant begins to suck vigorously. 

One regimen we prefer to use consists in modifications of the self- 
demand feeding schedule and the rigid schedule. Thus, if a baby 
wakens and seems hungry less than three hours after the previous 
feeding, he is offered water. If he wakens three to five hours after the 
last previous feeding, he is offered formula. It he fails to wake more 
than five hours after the last previous feeding, he is wakened and fed 
formula. If he fails to waken, however, after a late evening feeding, he 
is not wakened until the next morning. With such a regimen most in- 
fants have been found to adapt to a schedule of about four-hourly 
intervals, and most infants take five essentially daytime feedings by 
about three to six weeks. 

The total volume of formula offered the infant provides 3 ounces 
per pound of body weight (200 cc. per kilogram) divided in 6 bottles. 
The formula is increased to the full 20 calories per ounce by about 8 
days to one month of age. Most infants will take 2 to 3 ounces per 
pound per day of such feedings. Any excess formula is discarded. 

Some infants consume greater quantities than these. If the formula 
has been made properly, the child should be growing and gaining more 
rapidly than the usual infant. If the child is eating voraciously and not 
gaining, states causing excessive wastage in the stools, such as infection, 
unusual activity or pancreatic insufficiency, should be suspected. Al- 
though some infants seem hungry and do not gain on a 15-calorie 
per otince formula, it may be disadvantageous to increase the milk 
concentration if an evaporated milk formula is used because of the 
large salt and protein content in the early days. The formulas with 
lower protein content (e.g. Bremil, Enfamil, Similac and SMA) prob- 
ably can safely be given at full concentration earlier. 
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SOLID FOODS 


Some physicians have recommended that solid foods such as cereals, 
fruits and meats be introduced early in the infant diet in the belief 
that such foods may reduce the incidence of colic, increase caloric 
intake, and induce tolerance to foreign foods. 

Most infants, however, are born with an extrusion reflex which is 
present for 6 to 12 weeks. Anything placed on the anterior third of the 
tongue tends to be extruded. Most solid foods somehow tend to reach 
this area in the small infant. The infant may then cough, choke or 
even swallow. Although mothers can be taught to handle the aspirating 
child, little advantage seems to be gained from such forced discipline. 

As for inducing tolerance to foreign foods, there is no evidence that 
early introduction of varied foods reduces allergy. Indeed, some authori- 
ties believe that the small infant may develop more allergies by this 
procedure. 

As for increasing caloric intake, many processed baby foods, including 
cereal when prepared for infant ingestion, have a lower caloric density 
than milk. These dilute foods quickly fill the infant stomach, make him 
less hungry, and decrease his caloric intake. 

As for reduction of ait-swallowing and colic, feeding solid foods will 
reduce air-swallowing in many infants. It has been noted that feeding 
an infant with a spoon decreases air ingestion such as occurs with 
bottle feeding. If infants are excessive air swallowers, they may be re- 
lieved of some signs of pain by spoon-feeding. This is accomplished 
by feeding formulas, as well as solid foods, by spoon. 


MILK-FORMULA SUBSTITUTES 


Rarely, infants cannot tolerate cow’s milk formulas. Such infants may 
manifest persistent vomiting, bloody diarrhea and even shock. They 
may not gain weight even though taking adequate amounts of an 
adequate formula. 

Such infants may be helped by prolonged boiling of the formula or 
by lessening the carbohydrate in the formula. If these measures fail, 
a milk substitute such as soybean “milk,” casein hydrolysate or meat 
base formula may be used. Such formulas are utilized less well by the 
infant than milk formulas. They should be made up to contain about 
50 per cent of the calories as carbohydrate, and about 20 calories 
per ounce. It should be expected that infants will require 10 to 40 
per cent more of these formulas than a milk formula, and this increased 
amount should be offered. The increase is accounted for by increased 
stool loss. 
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VITAMINS 


Most infants are born with adequate vitamin stores, and vitamin de- 
ficiency is extremely improbable unless the mother’s vitamin intake is 
greatly deficient. Vitamin deficiencies will not ordinarily be observed 
until the infant begins to grow. The addition of vitamins to the infant 
diet at 10 days to 2 weeks will ordinarily prevent later dietary deficien- 
cies. These include especially vitamins A, C and D. Vitamins A and 
D are usually added by about 10 days; 1500 to 2000 units of A and 200 
to 600 units of added D are sufficient. Most milks contain 400 units 
of D and are so labelled. They also may contain considerable vitamin 
A. Thus the amounts listed, together with those present in milk, will 
prevent A and D deficiency. Ascorbic acid, 25 mg. a day, or orange juice, 
2 ounces, may be added at 2 weeks. Though ascorbic acid is cheaper, 
orange juice has the advantage of providing fluid for the infant other 
than water or formula. Four ounces of orange juice should be given at 
one month. Infants are rarely intolerant to orange juice. Almost any 
milk formula will provide sufficient thiamine and riboflavin for the 
young infant. 


FAILURE TO THRIVE 


An infant who fails to thrive on an apparently normal formula should 
be studied early for various disease states. Improper feeding due to 
formula error should be eliminated. The technique used by the mother 
should be observed. Infection and intracranial disease should be sought 
for. Partial intestinal obstruction may be a cause of failure to thrive. 
Metabolic disturbances, such as renal, hepatic, cardiac or adrenal in- 
sufficiency, can cause failure to thrive early. Malabsorption due to 
specific disease, infection or allergy should be eliminated. Galactosemia 
or other specific metabolic insufficiency may result in a poorly growing 
infant. 


SUMMARY 


Almost all physicians agree that breast milk is the best food for normal 
human infants. For various reasons breast feeding in technically well 
developed areas is not as widely practiced as formerly. Aseptic, conven- 
ient milk formulas have been introduced. 

Although it is obvious that almost all newborn infants will do well 
regardless of the composition of the formula, controversy has arisen 
about the best or ideal formula. A definition of the ideal formula is 
difficult, since the goals of early infant feeding cannot yet be clearly 
stated. 

On the basis of limited present knowledge and after the observation 
of newborn infants, certain principles of infant feeding seem desirable: 
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Infants should be fed only after they have become warm, their color 
is pink, the tone is good, and mucus secretions are insignificant, usually 
4 to 12 hours after birth. First feeding should consist of 1 to 2 ounces 
of water every 4 hours for the first day. Vomiting should be considered 
a sign of obstruction or brain injury until these serious causes have been 
eliminated. 

Feeding should then consist of a formula supplying approximately 
10 to 15 calories per ounce, of which 9 to 12 per cent should be protein, 
45 to 55 per cent lactose carbohydrate, and the balance fat, of which 
a small fraction should be unsaturated fat. Sufficient feedings should 
be offered so that the infant consumes 2 to 3 ounces per pound of 
body weight per day by the fourth or fifth day. 

After the fifth day modified demand feeding is desirable. 

At 10 days to 2 weeks, vitamins A, C and D should be added. 

Mothers should be taught that the proper feeding of their infants 
requires that they hold the infant firmly, but comfortably. No stigma 
should be attached to the mother who does not nurse her infant. The 
mother should be told of the insignificance of weight changes in the 
newborn period, and relieved of anxiety over the adequacy of her child’s 
caloric intake. The physician should try to achieve a healthy relation 
with the parents early, and should anticipate further changes in the 
family routine. 
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CUMULATIVE INDEX 


February—May 


Page numbers of symposium and clinic titles are given in boldface type. 


ABpoMEN. See also Ascites. 
intra-abdominal hernia, Feb., 150 
Abduction bar for metatarsus adductus, 
Feb., 241 
Abnormalities, congenital, neurologic, in 
newborn, May, 589-93 
examination for, May, 578 
sudden death due to, Feb., 80 
craniospinal, in newborn, May, 589-90 
placental, May, 462 
Abscess. See also under organs and re- 
gions. 
peritonsillar, Feb., 104, 116 
retrotonsillar, Feb., 116 
Accidents. See also Poisoning; Trauma; 
Wounds. 
prevention, Feb., 5 
to teeth, Feb., 93-5 
Acetaminophen in fever, Feb., 74 
Acetylsalicylic acid, for fever, Feb., 74 
in convulsions, Feb., 195 
in croup, Feb., 125 
in measles, Feb., 85 
for pain in otitis media, Feb., 98 
in herpangina, Feb., 104 
Acid, ascorbic, for newborn, May, 648 
Acid Mantle Creme in infantile eczema, 
Feb., 311 
Acidosis, in newborn, effect on body com- 
position, May, 612, 616-17 
signs, May, 478 
respiratory, in respiratory distress syn- 
drome, May, 531 
Acne, Feb., 265-71 
Acnomel in acne, Feb., 270 
ACTH. See Adrenocorticotropic hor- 


mone. 


Addiction, narcotics, in mother, relation 
to fetal and neonatal morbidity and 
mortality, May, 432-3 

Addison’s disease during pregnancy, re- 
lation to fetal and neonatal morbidity 
and mortality, May, 425 

Adenitis. See Lymphadenitis. 

Adenoid facies, Feb., 293 

Adenoidectomy, age for, Feb., 107-108 
indications for, Feb., 105-107 
postoperative care, Feb., 109-10 
surgical procedure, Feb., 108-109 
time for, Feb., 107-108 

Adenoids, in respiratory allergy, Feb., 

292-4 
problem, Feb., 106 

Adenovirus. See under Viruses. 

Adolescence. See also Puberty. 
anticipatory guidance, Feb., 5-6 
gynecomastia in, Feb., 339-40 

Adrenals. See also Addison’s disease; 

Adrenocorticotropic hormone. 
corticoids, hazards to newborn from 
administration to mother, May, 414— 
15 
hyperplasia, congenital virilizing, May, 


virilizing, | pseudohermaphroditism 
due to, May, 564 
in newborn, May, 558-61 
insufficiency, in newborn, May, 561, 
623 
Adrenocorticotropic hormone in alopecia, 
Feb., 257 
Aerosporin. See Polymyxin. 
Agammaglobulinemia, gamma globulin 
in, Feb., 67 
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Age of patient as factor in choice of peni- 


cillin, Feb., 55 
Alacta, composition, May, 645 
Albamycin. See Novobiocin. 
Allergy. See also Asthma; Eczema; etc. 
colic due to, Feb., 143-4 
diarrhea due to, Feb., 159 
hypersensitivity, delayed, Feb., 286, 
287 


immediate, Feb., 285 
testing, delayed, antigens for, Feb., 
287 
immediate, antigens for, Feb., 
285 
in infantile eczema, Feb., 309-10 
nasal, Feb., 102 
pollen, Feb., 290 
respiratory, Feb., 289-305 

Allergy-free environment, preparation and 
maintenance, Feb., 300—302 

Alopecia, Feb., 257-8 

Altafur. See Furaltadone. 

Aluminum acetate, in infantile eczema, 

Feb., 309, 311 
in otitis media, Feb., 101 

Ambition, behavior problems due to, 
Feb., 321-2 

Amenorrhea, Feb., 346-7 

Aminophylline in bronchial asthma, Feb., 
297 

Ammonia _ dermatitis. 
diaper. 

Ammonium chloride, hazards to newborn 
from administration to mother, May, 
417 

Androgens, hazards to newborn from 
administration to mother, May, 414 

Anemia, hypochromic, during pregnancy, 

relation to fetal and neonatal mor- 
bidity and mortality, May, 425 

in newborn, effect on body composi- 
tion, May, 612-13 

iron deficiency; Feb., 139-42 

Anesthesia, local, for office surgery, Feb., 
330 

Animals, bites, Feb., 278-82 

Anomalies. See Abnormalities. 

Anorexogenic agents in obesity, Feb., 

75 


See Dermatitis, 


Anoxia. See under Oxygen, deficiency. 

Antenatal factors in breast feeding, May, 
627-30 

Anthrax during pregnancy, relation to 
fetal and neonatal morbidity and mor- 
tality, May, 424 

Antibacterials. See also Antibiotics; 

Chemotherapy; and specific drugs. 

hazards to newborn from administra- 

tion to mother, May, 418 








Antibiotics. See also specific drugs. 
cost of, Feb., 61 
doses, for newborn and premature in- 
fants, May, 488 
therapeutic use, in neonatal period, 
May, 509-23 
Anticipatory guidance, Feb., 3-6 
Anticoagulants, hazards to newborn from 
administration to mother, May, 416 
Antigens, for delayed hypersensitivity 
testing, Feb., 287 
for immediate hypersensitivity testing, 
Feb., 285 
poison ivy, Feb., 259-60 
Antimicrobials. See Antibiotics; Drugs. 
Antithyroid medications, hazards to new- 
born from administration to mother, 
May, 415 
Ants, fire, bites and stings, Feb., 277-8 
Anus. See also Rectum. 
abscess, Feb., 154 
and rectum, Feb., 151-6 
diseases, treatment, Feb., 153-4 
fissure, Feb., 153 
pruritus, Feb., 154 
stenosis, Feb., 153 
A.P.C. for pain in otitis media, Feb., 98 
Apnea, breath-holding spells, Feb., 316 
in newborn, May, 475, 476 
in respiratory distress syndrome, May, 


Appendicitis during pregnancy, relation 
to fetal and neonatal morbidity and 
mortality, May, 432 

Aqua-Ivy in poison ivy prophylaxis, Feb., 
261 


Arch supports for flat feet, Feb., 234 
Aristocort. See Triamcinolone. 
Aromatic waters, Feb., 41 
Artery, umbilical, single, May, 463 
Ascites in newborn, May, 612, 616 
Ascorbic acid for newborn, May, 648 
Aspiration of foreign body, sudden death 
due to, Feb., 81 
Aspirin. See Acetylsalicylic acid. 
Asthma. See also Allergy. 
bronchial, Feb., 294-305 
acute, Feb., 295-9 
chronic, Feb., 299-305 
psychogenic factors, Feb., 304 
recurring, Feb., 299-305 
subacute, Feb., 299-305 
Asthma cocktail, Feb., 297 
Atarax. See Hydroxyzine. 
Atrophy, muscular. See also Dystrophy, 
muscular. 
infantile spinal progressive, May, 
602-603 
Aureomycin. See Chlortetracycline. 











Autoclave, Feb., 387-8 

Automatism, neonatal, May, 582-3 

Autonomic function in newborn, neuro- 
logic examination for, May, 584 


Basy blues, May, 450 
Bacitracin, dosage, for newborn, May, 
488 
therapeutic use, in newborn, May, 510- 
1] 


Bacteria. See also Bacteriology; Viruses; 
and specific bacteria. 
culture mediums, preparation of, Feb., 
119 
identification, Feb., 119-20 
infections. See Infection, bacterial. 
inoculation and streaking, Feb., 119 
Bacteriology, office, Feb., 118-20 
Baker’s modified milk, composition, May, 
645 
Bar, abduction, for metatarsus adductus, 
Feb., 241 
Bath, sponge, for fever, Feb., 73 
Bedbugs, bites, Feb., 278 
Bees, extracts, Feb., 276 
stings, Feb., 275-7 
Behavior, adaptive, Feb., 21 
problems, Feb., 321—4 
social, Feb., 21 
Benzathine penicillin. See under Peni- 
cillin. 
gamma-Benzenehexachloride. See Cyclo- 
hexane. 
Bicillin. See Penicillin, benzathine. 
Bilirubin, role in physiologic jaundice, 
May, 539-40 
serum concentration, in premature in- 
fants, May, 543 
Biologicals for office use, Feb., 383 
Birthmark. See Nevi. 
Bites and stings, Feb., 273-83 
animal, Feb., 278-82 
human, Feb., 282 
Bleeding. See Hemorrhage. 
Blindness, examination for, in newborn, 
May, 579 
Blood. See also Anemia. 
calcium, hypocalcemia, first-day, May, 
557 


in newborn, effect on body com- 
position, May, 612, 618-19 
coagulation, anticoagulants, hazards to 
newborn from administration to 
mother, May, 416 
diseases, in newborn, signs of, May, 478 
relation to fetal and neonatal mor- 
bidity and mortality, May, 425 
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Blood, platelets. See also Purpura. 
count, in hemorrhagic diathesis, 
Feb., 137 
potassium, hyperkalemia, in respiratory 
distress syndrome, May, 530, 531 
pressure, in respiratory distress syn- 
drome, May, 528 
proteins, hypoproteinemia, in respira- 
tory distress syndrome, May, 533 
prothrombin consumption time, in 
hemorrhagic diathesis, Feb., 137 
prothrombin time, in hemorrhagic di- 
athesis, Feb., 137 
sugar, hypoglycemia, in newborn, May, 
562-3 
effect on body composition, 
May, 612, 617-18 
in respiratory distress syndrome, 
May, 533 
transfusion, exchange, in neonatal ane- 
mia, May, 613 
for neonatal hemorrhage, May, 614 
in iron deficiency anemia, Feb., 141 
in neonatal adrenal insufficiency, 
May, 623 
in neonatal edema, May, 615 
volume, reduced, in newborm, effect on 
body composition, May, 612, 613-14 
Blues, baby, May, 450 
Body, changes, in sexual development, 
Feb., 345 
composition, prenatal and perinatal in- 
fluences on, May, 611-19 
fluids. See under Fluids. 
temperature, in newborn, May, 476 
Bones. See also Spine; and specific bones. 
maturation status, Feb., 13 
measurement of, technique, Feb., 
16 
Bowels. See Intestines. 
Bowlegs, Feb., 220 
Brachial plexus injury in newborn, May, 
596-7 
Brain, electroencephalography, in new- 
born,- May, 584-5 
hernia, in newborn, May, 589 
Brassiéres, Feb., 341 
Breast, Feb., 337—42 
caked, Feb., 11 
care, during lactation, May, 634-5 
prenatal, Feb., 8 
development, normal, in female, Feb., 
340-42 
precocious, Feb., 339 
stages, Feb., 17 
engorgement, Feb., 11 
feeding. See under Feeding. 
hyperplasia, in early life, Feb., 338-9 
in newborm, Feb., 337-8 
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Breast, hypertrophy, in adolescent male, 
Feb., 339-40 

inflammation, Feb., 11 

milk. See Milk, human. 

nipples, cracked, Feb., 11 
Breath-holding spells, Feb., 316 
Breathing. See Respiration. 
Bremil, composition, May, 645 
Bronchial asthma, Feb., 294-305 
Bruising, and bleeding, Feb., 135-7 
Burow’s solution. See Aluminum acetate. 
Business, forms, Feb., 393-6 

office, Feb., 375 


CaLcANEOvALGuS deformity, Feb., 227, 
228 
Calcium chloride in hypocalcemia in new- 
born, May, 558 
Calcium gluconate, for spider bites, Feb., 
274 
in neonatal hypocalcemia, May, 558, 
618 
Calcium lactate in hypocalcemia in new- 
born, May, 558 
Caligesic Ointment in infantile eczema, 
Feb., 311 
Calories, expenditure, in newborn, May, 


Camera for office use, Feb., 383, 384 
Cancer. See also Tumors; and under or- 
gans and regions. 
chemotherapeutic agents, hazards to 
newborn from administration to 
mother, May, 415-16 
Candidiasis in newborn, May, 496-8 
Capsules, Feb., 42 
Carbohydrates in formula feeding, May, 
643, 644 
Card, recall, Feb., 393-4 
Cardiac. See Heart. 
Cardiovascular symptoms in newborn, 
May, 474-5 
Carnalac, composition, May, 645 
Cascara in constipation, Feb., 165 
Casec, composition, May, 645 
Casts for metatarsus adductus, Feb., 240, 
241 
Catarrh. See Conjunctivitis, vernal; Rhini- 
tis; etc. 
Cathomycin. See Novobiocin. 
Cerebral palsy, Feb., 194 
Cerebrospinal fluid in newborn, May, 586 
Cerebrum, insults from anoxia and 
trauma at birth, May, 599-601 
Cerumen, impacted, Feb., 98 
Cerumenex for impacted cerumen, Feb., 
98 
Chart, patient’s, Feb., 391-2 





Chemical determinations in newborn, 
May, 588 
Chemotherapeutic agents, cancer, hazards 
to newborn from administration to 
mother, May, 415-16 
Chemotherapy. See also specific thera- 
peutic agents. 
combined, Feb., 63—4 
Chickenpox, during pregnancy, relation to 
fetal and neonatal morbidity and 
mortality, May, 423 
treatment, in home, Feb., 86-7 
Chiggers, bites, Feb., 277 
Chloral hydrate, in convulsions in new- 
born, May, 598 
in infantile eczema, Feb., 310 
Chloramphenicol, cost of, Feb., 61 
dosage, for newborn, May, 488 
in croup, Feb., 125 
in otitis media, Feb., 99 
therapeutic use in newborn, May, 511- 
13 
Chloromycetin. See Chloramphenicol. 
Chlorophenothane prophylaxis, against 
bedbugs, Feb., 278 
against flea bites, Feb., 277 
Chlorothiazide in acne, Feb., 268 
Chlorpromazine, for fever in convulsions, 
Feb., 195 
for premenstrual tension, Feb., 348 
Chlortetracycline, therapeutic use in new- 
born, May, 520, 521 
Cholera during pregnancy, relation to 
fetal and neonatal morbidity and mor- 
tality, May, 423 
Chorioangiopagus, May, 468 
Cisternal puncture in newborn, May, 
586-7 
Clavicle, fractures of, office treatment, 
Feb., 332 
Cleansing enema, Feb., 154-5 
Cocktail, asthma, Feb., 297 
Codeine, for cough in measles, Feb., 85, 
86 


for pain in otitis media, Feb., 98 
Colace. See Dioctyl sodium  sulfosuc- 
cinate. 
Colds, common, Feb., 111-12 
as indication for tonsillectomy and 
adenoidectomy, Feb., 106-107 
vs. allergic rhinitis, Feb., 292 
Colic, infantile, Feb., 143-5 
Conjunctivitis, vernal, Feb., 289 
Constipation, bowel habits in, Feb., 164 
chronic, Feb., 163-5 
diet in, Feb., 164-5 
due to diet, Feb., 163-4 
treatment, Feb., 164—5 
Consultation room, Feb., 375 

















Convulsions. See also Epilepsy. 
febrile, Feb., 195-6 
neonatal, Feb., 193-4; May, 598-9 
treatment, Feb., 193-9 
Copper sulfate solution 
Feb., 352 
Cort-Dome Creme in infantile eczema, 
Feb., 312 
Corticoids, adrenal, hazards to newborn 
from administration to mother, May, 
414-15 
Corticosporin in external otitis media, 
Feb., 101 
Cough. See also Whooping cough. 
in bronchial asthma, Feb., 298 
Coxsackie virus. See under Virus. 
Craniospinal anomalies in newborn, May, 
589-90 
Craniosynostosis in newborn, May, 591, 
593 
Cranium, fractures, in newborn, May, 593 
roentgen examination, in newborn, 
May, 584 
Creams, Feb., 43 
Cretinism. See also Hypothyroidism, con- 
genital. 
during pregnancy, relation to fetal and 
neonatal morbidity and mortality, 
May, 425, 429 
Croup, Feb., 123-6 
Cruelty, Feb., 323 
Cryptitis, anal, Feb., 154 
Crysticillin. See Penicillin. 
Culture mediums. See under Bacteria. 
Cyanosis in newborn, May, 476 
Cyclamycin. See Triacetyloleandomycin. 
Cyclohexane prophylaxis, against bed- 
bugs, Feb., 278 
against flea bites, Feb., 277 
Cytomegalic inclusion disease in newborn, 
May, 503-506 
clinical manifestations, 
504 
pathology, May, 505 
prognosis, May, 506 
treatment, May, 505 
Cytran for premenstrual tension, Feb., 


348 


in poisoning, 


May, 


DaprisaAL in dysmenorrhea, Feb., 348 

Darrow’s potassium lactate solution for 
edéma in newborn, May, 615 

Daxilon Ointment in infantile eczema, 
Feb., 311, 312 

DDT. See Chlorophenothane. 

Death, sudden, in infants, Feb., 77-83 
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Declomycin. See Demethyltetracycline. 
Defense reactions, Feb., 321 
Deformities. See also Abnormalities. 
calcaneovalgus, Feb., 227, 228 
Dehydration in newborn, signs, May, 477, 
478 
Demethyltetracycline, cost of, Feb., 61 
in otitis media, Feb., 99 
therapeutic use in newborn, May, 520, 


Dentitio praecox, Feb., 92 
Dermatitis. See also Eczema. 
ammonia. See Dermatitis, diaper. 
atopic. See Eczema, infantile. 
diaper, Feb., 253-6 
perianal, vs. diaper dermatitis, Feb., 
254 
poison ivy. See Rhus dermatitis. 
seborrheic. See Seborrhea. 
Dermatologic symptoms in newbom, 
May, 477, 479 
Desitin in diaper dermatitis, Feb., 255 
Desoxycorticosterone acetate in neonatal 
adrenal insufficiency, May, 623 
Development, assessment, general princi- 
ples, Feb., 20-21 
method, Feb., 21 
cephalocaudal, Feb., 20 
examination, Feb., 21—5 
infant, appraisal of, Feb., 19-26 
language, Feb., 21 
motor, Feb., 4 
gross, Feb., 21 
normal, Feb., 19 
progression, Feb., 20 
3 months, Feb., 22 
6 months, Feb., 22 
9 months, Feb., 23 
12 months, Feb., 23 
15 months, Feb., 23 
18 months, Feb., 23 
2 years, Feb., 24 
Dexamy] in obesity, Feb., 175 
Diabetes insipidus in newborn, May, 553, 
622 
Diabetes mellitus, during pregnancy, rela- 
tion to fetal and neonatal morbid- 
ity and mortality, May, 424, 430- 


31 

maternal, effect on newborn, May, 
461, 462 

pseudodiabetes, in newborn, May, 
562, 622-3 


transient, in newborn, May, 562 
treatment, Feb., 179-83 
Diagnosis in newborn, contribution of 
pathology laboratory to, May, 461-70 
Diagnostic tests, neurologic, in newborn, 
May, 584-8 
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Diaparene. See Methylbenzethonium. 
Diaper dermatitis. See Dermatitis, diaper. 
Diaphragm, hernia, Feb., 149 
Diarrhea, Feb., 157-61 

allergic, Feb., 159 

in newborn, Feb., 158; May, 489-90 

parenteral, Feb., 159 
Diastematomyelia in newborn, May, 590 
Dick test, Feb., 288 
Diet. See also Food; Nutrition; Vitamins; 

and under names of foods. 

constipation due to, Feb., 163—4 

in acne, Feb., 267 

in bronchial asthma, Feb., 302-303 

in constipation, Feb., 164—5 

in diabetes mellitus, Feb., 180 

in obesity, Feb., 171-5 
Dilantin. See Diphenylhydantoin. 
Dioctyl sodium sulfosuccinate, for im- 

pacted cerumen, Feb., 98 
in constipation, Feb., 165 
Diphenylhydantoin, in convulsions, Feb., 
194, 196 
in newborn, May, 598 

in grand mal epilepsy, Feb., 197, 201 
Diphtheria immunization schedule, Feb., 

31 
Disease. See also Death; Diagnosis; etc. 

in newborn, observation for, May, 471— 


80 
signs, May, 473, 478 
infectious, during pregnancy, relation 
to fetal and neonatal morbidity and 
mortality, May, 423-4 
maternal, relation to fetal and neonatal 
morbidity and mortality, May, 
421-40 
treatment of, relation to fetal and 
neonatal morbidity and mortality, 
May, 433 
Dislocations, treatment, office, Feb., 332- 
3 
Diuril. See Chlorothiazide. 
DOCA. See Desoxycorticosterone acetate. 
Dogs. See also Rabies. 
bites, Feb., 279 
Domeboro tablets in infantile eczema, 
Feb., 311 
Donnatal in colic, Feb., 144 
Doxinate. See Dioctyl sodium sulfosuc- 
cinatea 
Dressings, sterilization and storage, Feb., 
387-8 
Droppers in home measures of drugs, 
Feb., 47 
Drops, Feb., 43 
Drugs. See also names of drugs. 
administered to mother, hazards to 
newborn from, May, 413-19 
alcoholic preparations, Feb., 42 





Drugs, alcoholic vehicles, Feb., 41 
aqueous preparations, Feb., 41 
aqueous vehicles, Feb., 41 
choice of, Feb., 36 
dispensing by physicians, Feb., 49-50 
dose of, Feb., 37-41 
average, for children, Feb., 38-40 
frequency, Feb., 41 
few vs. many, Feb., 36 
for control of fever, Feb., 74 
for emergency use, Feb., 381 
for office use, Feb., 382-3 
for orifices, Feb., 42-3 
forms of, Feb., 41-3 
in acne, Feb., 268-9 
in bronchial asthma, Feb., 296-8, 304 
incompatibilities, Feb., 45 
liquid preparations with drug action, 
Feb., 41-2 
liquid vehicles, Feb., 41 
measures, and standards, Feb., 46—7 
home, Feb., 47 
noxious, hazards to newborn from ad- 
ministration to mother, May, 418 
prescribing, Feb., 43-6 
proprietary and patent, vs. compounded 
preparations, Feb., 45-6 
quantities to prescribe, Feb., 45 
safety index, Feb., 37 
solid preparations, Feb., 42 
for external use, Feb., 43 
storage, Feb., 49 
therapeutic index, Feb., 37 
therapeutic trial, Feb., 34 
therapeutic use, Feb., 33-52 
directions to parent or patient, 
Feb., 47-9 
empiric, Feb., 34 
placebo, Feb., 34-5 
psychotherapeutic, Feb., 35-6 
specific, Feb., 34 
supportive, Feb., 34 
withholding of, Feb., 35 
Dryco, composition, May, 645 
Ductus arteriosus, murmur in, Feb., 131 
Dysgenesis, gonadal, in newborn, May, 
6 


Dysmaturity, effect on body composition, 
in newborn, May, 612, 614 

Dystrophy, muscular, congenital, May, 
603 


Ear. See also Hearing. 
nose and throat, diseases of, Feb., 97— 
104 
swimmer’s. See Otitis media, external. 
ECHO virus, Feb., 113 
Eczema, infantile, Feb., 307-13 

















Eczema vaccinatum, gamma globulin in, 
Feb., 68 
Edema. See also Ascites. 
in newborn, effect on body composi- 
tion, May, 612, 614-16 
pitting, in respiratory distress syndrome, 
May, 527 
Edrophonium in myasthenia gravis in 
newborn, May, 602 
Education program, parent, Feb., 357-69 
arrangement of material in office, 


Feb., 366-9 
Electrocardiogram. See Heart, electro- 
cardiography. 


Electroencephalogram in newborn, May, 
584-5 
Electrolyte 

May, 620 
Electrolyte-regulating defect in adrenal 
hyperplasia, May, 561 
Elimination, faulty, constipation due to, 
Feb., 164 
time for, Feb., 165 
Elixirs, Feb., 41 
Embryo. See Fetus. 
Emergency room, Feb., 379-81 
Emesis, contraindications to, Feb., 352 
Emetics in accidental poisoning, Feb., 
351-2 
Emotional tensions, oral manifestations, 
Feb., 317-18 
Emphysema in newborn, signs, May, 475, 
478 
Empirin for pain in otitis media, Feb., 98 
Encephalocele in newborn, May, 589 
Endocrine disorders, relation to fetal and 
neonatal morbidity and mortality, May, 
424-5 
Endocrine problems of newbom, May, 
551-75 
Enemas, Feb., 154—5 
Enfamil, composition, May, 645 
Enterovirus, respiratory infections due to, 
Feb., 112-13 
Enuresis. See Urine, incontinence. 
Environment, allergy-free, preparation 
and maintenance, Feb., 300-302 
in bronchial asthma, Feb., 299-302 
Ephedrine sulfate in bronchial asthma, 
Feb., 297 
Epidural hemorrhage in newborn, May, 
593 
Epigastric hernia, Feb., 149 
Epilepsy, Feb., 196-9 
akimetic attacks, Feb., 198-9 
grand mal, Feb., 197-8 
idiopathic, treatment, Feb., 201— 
202 
petit mal, Feb., 198 


requirements of newborn, 
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Epinephrine in bronchial asthma, Feb., 
296 
Equipment, for emergency room, Feb., 
379-81 
for examining room, Feb., 377, 378 
office, Feb., 373-85 
sterilization of, Feb., 382 
Erb type of brachial plexus injury in new- 
born, May, 596 
Erythrocin. See Erythromycin. 
Erythromycin, cost of, Feb., 61 
in otitis media, Feb., 99 
therapeutic use in newborn, May, 513 
Estrogens, hazards to newborn from ad- 
ministration to mother, May, 414 
Examination, developmental, Feb., 21-5 
of newborn. See under Newborn. 
of placenta, May, 462-3 
Examining rooms, Feb., 375-9 
Exercise, for flat foot, Feb., 236 
for metatarsus adductus, Feb., 242 
in diabetes mellitus, Feb., 180 
in obesity, Feb., 169-71 
Extremities. See also Legs. 
lower, fractures of, office treatment, 
Feb., 333 
Eyes. See also Blindness; Vision; etc. 
defects, causes of, Feb., 186 
recognition of, Feb., 186-7 
disabilities, Feb., 185-7 
examination, Feb., 186 
in newborn, May, 579 
fundus, examination of, in newborn, 
May, 585 
trauma to, office treatment, Feb., 333 


Factat nerve palsy in newborn, May, 
597-8 
Facies, adenoid or allergic, Feb., 293 
Family history, records and forms, Feb., 
390-91 
Fat in formula feeding, May, 643, 644 
Feces, bulky, syndrome of, Feb., 163-5 
impacted, Feb., 154 
of breast-fed infants, Feb., 11 
of formula-fed infants, May, 642 
softeners, Feb., 165 
Feeding. See also Diet; Food. 
breast, Feb., 7-12; May, 627-38 
advantages, Feb., 9 
antenatal factors, May, 627-30 
complications, Feb., 11 
contraindications, Feb., 7 
disadvantages, Feb., 12 
early lactation, May, 632-6 
factors, in homecoming adjustment, 
May, 636-7 
in hospital period, May, 630-36 
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Feeding, breast, instructions, Feb., 9- 


prelactation, May, 631-2 
preparation for, May, 629-30 
stimulus to, May, 634 
stools of infants, Feb., 11 
technique, Feb., 10 
formula, May, 639-49 
commercial, composition of, May, 
645 
composition, May, 644 
construction of, May, 642—4 
first feeding, May, 641-2 
goals, May, 639-40 
milk-substitutes, May, 647 
regimen, May, 644, 646 
relation to feeder, May, 640—41 
in respiratory distress syndrome, May, 
535 
infant, May, 447-8 
solid foods, May, 647 
type, May, 642 
poor, in newborn, May, 472 
Feet. See Foot. 
Femoral hernia, Feb., 149 
Ferinsol in iron deficiency anemia, Feb., 


141 
Ferrous sulfate, in iron deficiency anemia, 
Feb., 141 
in respiratory distress syndrome, 
May, 535 
Fetus. See also Newborn; Placenta; Preg- 
nancy; etc. 


defective development, hypothyroidism 
due to, May, 554 
masculinization, due to androgens, 
May, 414 
due to estrogens, May, 414 
due to progestins, May, 413, 414 
morbidity and mortality, relation to 
maternal disease, May, 421—40 
Fever. See also Rheumatic fever; Scarlet 
fever; etc. 
control of, Feb., 73-5 
Fire ants, bites and stings, Feb., 277-8 
Fleas, bites, Feb., 277 
Fluidextracts, Feb., 42 
Fluids. See also Ascites, Cerebrospinal 
fluid. 
body, and solutes, disorders of, neonatal 
cgnditions associated with, May, 
611-26 
internal sequestration in newborn, 
effect on body composition, May, 
612, 616 
intravenous, hazards to newborn from 
administration to mother, May, 416 
losses, abnormal, in newborn, May, 
621-2 








Fluids, oral, in diarrhea, Feb., 160 
therapy, maintenance, in newbom, 
May, 619-21 
Folders for parent education, Feb., 360- 
61 
Food. See also Diet; Nutrition; Vitamins; 
etc. 
anticipatory guidance, Feb., 4-5 
solid, for infants, May, 647 
in diarrhea, Feb., 160-61 
Foot. See also Heel; Metatarsus; Shoes; 
etc. 
deformities, calcaneovalgus, Feb., 227, 
228 
combined, Feb., 245-6 
metatarsus varus, Feb., 237, 238 
flat, Feb., 225-37 
spastic, peroneal, Feb., 230 
problems, common, Feb., 225-47 
Foreign body, aspiration of, sudden death 
due to, Feb., 81 
in nose, Feb., 103 
Forms, business, Feb., 393-6 
Formula feeding, May, 639-49 
Fostex in acne, Feb., 270 
Fractures, skull, in newborn, May, 593 
treatment, office, Feb., 332-3 
Fundus, examination, in newborn, May, 
585 
Furadantin. See Nitrofurantoin. 
Furaltadone, therapeutic use in newbom, 
May, 514 


Gamma globulin, Feb., 67 
empiric use, Feb., 70 
for premature infant, Feb., 71 
in agammaglobulinemia, Feb., 67, 
294 
in German measles, Feb., 69-70 
in infectious hepatitis, Feb., 70 
in measles, Feb., 68-9 
in mumps, Feb., 70 
in neonatal herpes simplex infection, 
May, 503 
in pertussis, Feb., 69 
in poliomyelitis, Feb., 69 
in smallpox vaccination complica- 
tions, Feb., 68 
in vaccinia, Feb., 68 
office use, Feb., 67-71 
prophylactic use, Feb., 68-70 
Gastrointestinal symptoms in newborn, 
May, 472 
Genitals. See also Gonads. 
developmental stages, Feb., 17 
Gentian violet: See Methylrosaniline. 
Gerber’s Meat Base, composition, May, 
645 











German measles. See Rubella. 
Gingivostomatitis, herpetic, 
Feb., 89 
Glands. See under names of glands. 
Globulin, gamma. See Gamma globulin. 
immune serum, Feb., 67 
poliomyelitis immune, human, Feb., 
67, 68 
Glucose, for edema in newborn, May, 
615 
in neonatal hypoglycemia, May, 617, 
618 
solutions, in respiratory distress syn- 
drome, May, 536 
Goat’s milk, composition, May, 645 
Goiter. See also Thyroid. 
neonatal, May, 555-6 
Goitrogens, maternal ingestion, neonatal 
hypothyroidism due to, May, 555 
Gonads. See also Genitals; Hermaphro- 
ditism; Ovary; Testes; etc. 
dysgenesis, in newborn, May, 566 
in newborn, May, 563-8 
Grand mal. See under Epilepsy. 
Gray syndrome, May, 512 
Growth, colic due to, Feb., 145 
hormone, in newborn infant, May, 552 
physical, measurement of, Feb., 13-18 
interpretation of data, Feb., 17-18 
techniques, Feb., 14-17 
speed of, Feb., 13 
Guidance, anticipatory, Feb., 3-6 
principles, Feb., 3 
Gynecomastia. See Breast, hypertrophy. 


primary, 


Hasits, undesirable, Feb., 315-20 
Hair, care, in acne, Feb., 266-7 
pubic, developmental stages, Feb., 17 
Hay fever. See Rhinitis. 
Head. See also Brain. 
circumference, Feb., 13 
measurement of, technique, Feb., 16 
neurologic examination, in newborn, 
May, 578-9 
transillumination, in newborn, May, 


Head-butting, Feb., 318-19 
Health. See also Disease. 

record, Feb., 394 

signs of, in newborn, May, 479 
Hearing. See also Ear. 

defects, extent, Feb., 189 

disabilities, Feb., 187-91 

impairment, types, Feb., 188-9 

tests, Feb., 190-91 

in newborn, May, 579 


CUMULATIVE INDEX 659 


Heart, disease, congenital, acyanotic le- 

sions, Feb., 130 

cyanotic lesions, Feb., 129 

diagnosis, Feb., 128-31 

in newborn, signs of, May, 476, 
478 

murmurs in, Feb., 
127-33 

potentially cyanotic lesions, Feb., 


evaluation, 


during pregnancy, relation to fetal 
and neonatal morbidity and mor- 
tality, May, 427-8 
symptoms, in newborn, May, 476-7 
electrocardiography, in respiratory dis- 
tress syndrome, May, 530, 531 
murmurs and sounds, explanation to 
parents, Feb., 131 
in congenital heart disease, evalu- 
ation of, Feb., 127-33 
Heel. See also Foot. 
Thomas, for flat foot, Feb., 234 
Height, anticipatory guidance, Feb., 4-5 
standing, measurement of, technique, 
Feb., 15 
Hemangioma, Feb., 250 
Hematin in physiologic jaundice, May, 
541, 542 
Hematoma, subungual, office treatment, 
Feb., 333-4 
Hemoglobin, hematin, in physiologic 
jaundice, May, 541, 542 
Hemolytic agents, hazards to newborm 
from administration to mother, May, 
417-18 
Hemolytic disease of newborn vs. cyto- 
megalic inclusion disease, May, 504 
Hemophilus influenzae, _ bacteriologic 
identification, Feb., 120 
infections, Feb., 117 
Hemorrhage. See also Purpura. 
adrenal, in newborn, May, 561 
history in, Feb., 135-6 
in newborm, May, 474, 475 
intracranial, in newborn, May, 593-4 
laboratory studies, Feb., 136-7 
physical examination, Feb., 136 
placental, May, 462 
Hemorrhagic disease of newborn, May, 
455 ff. 
Hepatitis. See also Jaundice. 
during pregnancy, relation to fetal and 
neonatal morbidity and mortality, 
May, 423 
infectious, gamma globulin in, Feb., 
Hermaphroditism, in newborn, May, 
563-8 
true, May, 566, 568 
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Hermaphroditism, intersexuality, diagno- 
sis, in newborn, May, 568 
pseudohermaphroditism, female, May, 
564-5 
in newborn, May, 563-8 
male, May, 565-6 
Hernia, Feb., 147-50 
inguinal, Feb., 147-8 
umbilical, Feb., 149 
Herpangina, Feb., 104, 113 
Herpes simplex, disseminated, in new- 
born, May, 501-503 
during pregnancy, relation to fetal 
and neonatal morbidity and mor- 
tality, May, 423 
Hi-Pro, composition, May, 645 
History, family, records and forms, Feb., 
390-91 
in diagnosis in newborn, May, 461-2 
Hodgkin’s disease during pregnancy, rela- 
tion to fetal and neonatal morbidity 
and mortality, May, 430 
Home, pediatrician-parent relations in 
neonatal period, May, 450-52 
Hormones. See also Insulin; and under 
specific organs and glands. 
androgenic, hazards to newborn from 
administration to mother, May, 414 
growth, in newborn, May, 552 
Hornets, stings, Feb., 275-7 
Hospital, discharge of newborn from, 
May, 448-50 
pediatrician-parent relations in neo- 
natal period, May, 445-50 
Hospitalization, anticipatory guidance, 
Feb., 
for tonsillectomy, Feb., 109 
Humidity for croup, Feb., 123 
Hunger, colic due to, Feb., 143 
Hyaline membrane disease. See Respira- 
tory distress syndrome. 
Hydramnios, effect on newbom, May, 
461 
Hydration. See also Dehydration. 
during fever, Feb., 74 
Hydrocephalus in newborn, May, 591 
Hydrocortisone in neonatal adrenal insuf- 
ficiency, May, 623 
Hydrogen peroxide in neonatal candidi- 
asis, May, 498 
Hydroxyeine, in colic, Feb., 144 
in infantile eczema, Feb., 310 
Hygiene, menstrual, Feb., 345-6 
Hyparotin in mumps, Feb., 70 
Hyperactivity in newborn, May, 474 
Hyperkalemia in respiratory distress syn- 
drome, May, 530, 531 
Hyperparathyroidism. See under Parathy- 
roid. 





Hyperphosphatemia in respiratory dis- 
tress syndrome, May, 532, 533 
Hypersensitivity. See under Allergy. 
Hyperthyroidism. See under Thyroid. 
Hypertonia, colic due to, Feb., 144 
Hypertrophy, muscular, congenital, May, 
603 
Hypertussis in pertussis, Feb., 69 
Hypocalcemia. See under Blood, calcium. 
Hypoglycemia. See under Blood, sugar. 
Hypoparathyroidism, idiopathic, in new- 
born, May, 557, 558 
Hypoproteinemia in respiratory distress 
syndrome, May, 533 
Hypotensive agents, hazards to newborn 
from administration to mother, May, 
417 
Hypothyroidism. See under Thyroid. 
Hypsarrhythmia, Feb., 196 


Ipiocy, mongolian, effect on siblings, 
Feb., 209 
in early years, Feb., 208 
in neonatal period, Feb., 207-208 
in preschool years, Feb., 209-10 
in school years, Feb., 210 
parent counseling in, Feb., 207-11 
physical welfare, Feb., 208 
sexual activity in, Feb., 208-209 
Ileus, paralytic, in respiratory distress syn- 
drome, May, 529 
Illness. See Disease. 
Tlosone. See Erythromycin. 
Imferon. See Iron dextran. 
Immunization, Feb., 27-32 
equipment, Feb., 29 
first visit, Feb., 27-8 
hours for, Feb., 28 
procedure, Feb., 29 
records, Feb., 29-30 
schedule, Feb., 30-31 
second visit, Feb., 28 
special procedures, Feb., 31 
subsequent visits, Feb., 28 
Impetigo in diabetes, Feb., 181 
Infantile spinal progressive 
atrophy, May, 602-603 
Infants. See also Newborn; Premature in- 
fant. 
developmental appraisal, Feb., 19-26 
feeding. See under Feeding. 
motor development, Feb., 4 
shoes for, Feb., 364-5 
sudden death in, Feb., 77-83 
Infection. See also under names of bac- 
teria, diséases, organs and regions. 
bacterial, in newborn, May, 481-92 
diagnosis, May, 484 


muscular 














Infection, bacterial, in newborn, etiology, 
May, 482 
incidence, May, 481-2 
pathogenesis, May, 482, 484 
treatment, May, 487-91 
perinatal infections due to, May, 
464 
bronchial asthma and, Feb., 303—304 
in otitis media, treatment, Feb., 99 
monilial, Feb., 103 
nonbacterial, of newborn, May, 493- 
508 
perinatal, May, 464-8 
severity of, as factor in choice of peni- 
cillin, Feb., 54-5 
sudden death due to, Feb., 80 
Infectious diseases during pregnancy, re- 
lation to fetal and neonatal morbidity 
and mortality, May, 423-4 
Influenza, during pregnancy, relation to 
fetal and neonatal morbidity and 
mortality, May, 423 
vaccine, in allergic rhinitis, Feb., 294 
Inguinal hernia, Feb., 147-8 
Injuries, to teeth, Feb., 93-5 
wringer, office treatment, Feb., 335-6 
Insects, bites and stings, Feb., 273-8 
Instruments, sterilization and_ storage, 
Feb., 387-8 
Insulin. See also Blood, sugar, hypogly- 
cemia; Diabetes mellitus; Pancreas. 
in diabetes mellitus, Feb., 181-3 
in neonatal pseudodiabetes mellitus, 
May, 622, 623 
in respiratory distress syndrome, May, 
536 
Intersexuality, 
May, 568 
Intertrigo, in diabetes, Feb., 181 
vs. diaper dermatitis, Feb., 254 
Intestines, faulty habits in constipation, 
Feb., 164 
Intracerebral hemorrhage in newborn, 
May, 474, 478 
Intracranial damage in newborn, signs, 
May, 594 
Intracranial hemorrhage 
May, 593-4 
Intravenous fluids, hazards to newborn 
from administration to mother, May, 
416 
Intraventricular hemorrhage in newborn, 
May, 594 
Iodine. See also Goiter; Thyroid. 
deficiency, hypothyroidism due to, 
May, 555 
Iron, requirements, Feb., 139 
therapy, in respiratory distress syn- 
drome, May, 535 


diagnosis, in newborn, 


in newborm, 
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Iron deficiency anemia, Feb., 139-42 

Iron dextran in iron deficiency anemia, 
Feb., 142 

Isoproterenol for insect stings, Feb., 276 

Isuprel. See Isoproterenol. 


JAUNDICE, in newborn, May, 477 
kernicterus, and physiologic jaundice, 
May, 542, 544-5 
development of, factors in, May, 
545-7 
due to vitamin K administration, 
May, 457 
incidence in premature infants, May, 
543 
of Rh disease, May, 540-42 
physiologic, May, 539-50 
and jaundice of Rh disease, May, 
540-42 
and kernicterus, May, 542, 544-5 
etiology, May, 540 
treatment, May, 547-8 
Jealousy, Feb., 323 
Juice, orange, for newborn, May, 648 


KANAMYCIN, dosage, for newborn, May, 
488 
therapeutic use in newborn, May, 514- 


Kantrex. See Kanamycin. 
Kernicterus. See under Jaundice. 
Klumpke type of brachial plexus injury 
in newborn, May, 596 
Knee, knock. See Knock knee. 
Knock knee, Feb., 220 
relation to flat feet, Feb., 230 
Kolpix Creme in infantile eczema, Feb., 
312 
Konakion. See Vitamin K. 


Lasoratory, pathology, contribution to 
diagnosis in newborn, May, 461-70 

records, Feb., 392-3 

Laceration, suture of, Feb., 330-32 

Lactation. See also Feeding; Milk. 
early, May, 632-6 

Lactum, composition, May, 645 

Lanatoside C in neonatal edema, May, 
615 

Language development, Feb., 21 

Lassar’s paste in infantile eczema, Feb., 
311 

Legs, bowlegs, Feb., 220 

Length, recumbent, technique of measure- 
ment, Feb., 14-15 
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Leukemia during pregnancy, relation to 
fetal and neonatal morbidity and mor- 
tality, May, 425, 429 

Leukorrhea, premenstrual, Feb., 346 

Library, lending, for parent education, 
Feb., 358-60 

Lichen urticatus, Feb., 273 

Lidocaine in office surgery, Feb., 330 

Lindane. See Cyclohexane. 

Lonalac, composition, May, 645 

Lotions, Feb., 42 

Lumbar puncture. 
puncture. 

Lying-in period, May, 446-7 

Lymphadenitis, cervical, Feb., 104 

as indication for tonsillectomy and 
adenoidectomy, Feb., 107 
streptococcal, Feb., 115 

Lymphogranuloma venereum during 
pregnancy, relation to fetal and neo- 
natal morbidity and mortality, May, 
424 
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See under Spinal 


MacnesiA, milk of. See Magnesium hy- 
droxide. 
Magnesium hydroxide in constipation, 
Feb., 165 
Malaria during pregnancy, relation to 
fetal and neonatal morbidity and mor- 
tality, May, 424 
Malformations. See Abnormalities. 
Malt Soup Extract in constipation, Feb., 
165 
Marcus Gunn phenomenon, May, 579 
Masculinization. See Virilism. 
Mastitis, Feb., 11 
Masturbation, Feb., 319 
Maternal. See Mothers. 
Matromycin. See Oleandomycin. 
Maturation, colic due to, Feb., 145 
Mazon ointment in infantile eczema, 
Feb., 311 
Mead’s Protein, composition, May, 645 
Measles, chickenpox and scarlet fever, 
_treatment in home, Feb., 85-8 
during pregnancy, relation to fetal and 
neonatal morbidity and mortality, 
May, 423 
gamma globulin in, Feb., 68—9 
German. See Rubella. 
Measuring spoons, tolerance of, Feb., 47 
Meatotomy, office procedure, Feb., 335 
Medication. See Drugs. 
Medicine. See also Physicians; Surgery; 
etc. 
constructive, Feb., 353 
preventive, Feb., 353 
Mediums, culture. See under Bacteria. 





Melanoma, malignant, during pregnancy, 
relation to fetal and neonatal morbid- 
ity and mortality, May, 430 

Menarche. See Menstruation, inception. 

Meninges, subarachnoid hemorrhage, in 

newborn, May, 593, 594 
subdural hemorrhage, in newborn, 
May, 593 
subdural taps, in newborn, May, 587-8 
Meningitis in newborn, May, 485 
relation of perinatal abnormality to 
etiologic agent, May, 483 

Meningocele in newborn, May, 589 

Meningomyelocele in newborn, May, 589 

Menorrhagia, Feb., 347-8 

Menstruation, books and 

Feb., 348-50 
cycle, Feb., 346 
delayed, Feb., 347 
disorders. See also Amenorrhea. 

menorrhagia, Feb., 347-8 

oligomenorrhea, Feb., 347 

treatment, Feb., 348 
hygiene in, Feb., 345-6 
inception, Feb., 343-50 
reasons for, Feb., 345 

Mental retardation, parent counseling, 
Feb., 203-206 

Metatarsus. See also Foot. 
adductus, Feb., 237-45 
varus, Feb., 237, 238 

Methionine in diaper dermatitis, Feb., 
255 

Methylbenzethonium in diaper dermati- 
tis, Feb., 255 


pamphlets, 


Methylprednisolone for insect stings, 
Feb., 276 
Methylrosaniline, in infantile eczema, 
Feb., 311 


in moniliasis, Feb., 90, 103 
in neonatal candidiasis, May, 498 
Metrorrhagia, Feb., 347-8 
Microcephaly, primary, in newborn, May, 
591 
Microcrania in newborn, May, 591 
Milk. See also Feeding. 
cow’s, composition of, May, 645 
evaporated, composition of, May, 645 
goat’s, composition of, May, 645 
human, composition of, May, 645 
manual expression, Feb., 11 
protein content, May, 643, 644 
witch’s, Feb., 337 
Milk-formula substitutes, May, 647 
Milk of magnesia. See Magnesium sulfate. 
Milontin. See Phensuximide. 
Mimeographed sheets for parent educa- 
tion, Feb., 363 
Modilac, composition, May, 645 











Moles. See Nevi. 
warts and birthmarks, Feb., 249-52 
Mongolism. See Idiocy, mongolian. 
Monilia, infections due to, Feb., 103 
Moniliasis, oral, Feb., 90 
vs. diaper dermatitis, Feb., 254 
Morality, pediatric, and perinatal mor- 
tality, May, 411-12 
Mortality, perinatal, and pediatric mor- 
ality, May, 411-12 
Mosquitoes, bites, Feb., 274 
Mothers, attitudes towards breast feed- 
ing, May, 633-4 
disease of, relation to fetal and neo- 
natal morbidity and mortality, 
May, 421-40 
treatment, relation to fetal and neo- 
natal morbidity and mortality, 
May, 433 
drugs administered to, hazards to new- 
born from, May, 413-19 
multiparous, antepartum relations with 
pediatrician, May, 444-5 
relations with pediatrician at home, 
May, 451-2 
nutrition, relation to fetal and neonatal 
morbidity and mortality, May, 424 
youthful, breast feeding and, May, 
628-9 
Motor development, Feb., 4 
gross, Feb., 21 
Motor system, examination, in newborn, 
May, 580-83 
Mouth. See also Stomatitis; Teeth; etc. 
diseases of, Feb., 103-104 
Movements. See also Automatism; Mus- 
cles. 
involuntary, in newborn, examination 
for, May, 583 
spontaneous, of newborn, examination 
for, May, 580 
Mullsoy, composition, May, 645 
Mumps, during pregnancy, relation to 
fetal and neonatal morbidity and 
mortality, May, 423 
gamma globulin in, Feb., 70 
Murmurs, heart. See Heart, murmurs and 
sounds. 
Muscles, atrophy, infantile spinal progres- 
sive, May, 602-603 
dystrophy, congenital, May, 603 
hypertrophy, congenital, May, 603 
neurologic examination, in newborn, 
May, 580-82 
Mustard water in poisoning, Feb., 351 
Myasthenia gravis in newborn, May, 601- 
602 
Mycostatin. See Nystatin. 
Myringitis, bullous, Feb., 100 


CUMULATIVE INDEX 663 


Myringotomy in otitis media, Feb., 99 

Mysoline. See Primidone. 

Myxedema, juvenile, during pregnancy, 
relation to fetal and neonatal morbid- 
ity and mortality, May, 425, 429 


Nait-biting, Feb., 318 
Nails, care, in diabetes mellitus, Feb., 181 
Narcotics, addiction to, in mother, rela- 
tion to fetal and neonatal morbidity 
and mortality, May, 432-3 
Nasal. See Nose. 
Neck, neurologic examination, in new- 
born, May, 578-9 
Negativism, Feb., 322-3 
Nembutal. See Pentobarbital. 
Neobase in infantile eczema, Feb., 311 
Neo-Cort-Dome Creme in _ infantile 
eczema, Feb., 312 
Neomycin, dosage, for newborn, May, 488 
therapeutic use in newborn, May, 515 
Neonatal considerations in anticipatory 
guidance, Feb., 4 
Neoplastic disease during pregnancy, re- 
lation to fetal and neonatal morbidity 
and mortality, May, 429-30 
Neostigmine in myasthenia gravis in new- 
born, May, 601 
Neo-Synephrine. See Phenylephrine. 
Nerves. See also Paralysis. 
cranial, neurologic signs in newbom, 
May, 579-80 
facial, palsy, in newborn, May, 597-8 
Nervous system. See also Brain; Spinal 
cord; etc. 
autonomic, 
May, 584 
Neurologic conditions in neonatal period, 
May, 577-610 
Neurologic examination of newborn, May, 
577-84 
diagnostic tests, May, 584-8 
Neuromuscular symptoms in newborn, 
May, 472, 474 
Nevi, Feb., 249-50, 251 
intradermal, Feb., 251 
junctional, Feb., 251 
strawberry, Feb., 250 
Nevus flammeus. See Nevus venosus. 
Nevus venosus, Feb., 249 
Newborn, automatisms, May, 582-3 
bacterial infections, May, 481-92 
breast hyperplasia, Feb., 337-8 
conditions associated with disorders of 
body fluids and solutes, May, 611-26 
convulsions in, Feb., 193-4 
diagnosis in, contribution of pathology 
laboratory to, May, 461-70 


function in newborn, 
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Newborn, diarrhea, Feb., 158 
discharge from hospital, May, 448-50 
endocrine problems, May, 551-75 
examination, May, 445-6 
neurologic, May, 577-84 
failure to thrive, May, 648 
feeding, May, 447-8 
hazards to, from drugs administered to 
mother, May, 413-19 
hemorrhagic disease of, May, 455 ff. 
manipulation of, relation to feeding, 
May, 635-6 
mongolism in, Feb., 207-208 
morbidity and mortality, relation to 
maternal disease, May, 421-40 
neurologic diagnostic tests, May, 584-8 
neurologic examination, May, 577-84 
nonbacterial infections, May, 493-508 
observation of, for disease, May, 471— 
80 
signs of illness, May, 473 
symposium on, May, 410-649 
tetany of, May, 557 
vitamin K for?, May, 455-9 
Night terrors, Feb., 319-20 
Nitrofurantoin, therapeutic use in new- 
born, May, 516 
Noctec. See Chloral hydrate. 
Nomogram, West, Feb., 38, 39 
Nonbacterial infections of newborn, May, 
493-508 
Norepinephrine in neonatal adrenal in- 
sufficiency, May, 623 
Normality, developmental, Feb., 19 
Nose, allergy, Feb., 102 
discharge, Feb., 102 
diseases of, Feb., 101-103 
examination, Feb., 101 
foreign bodies, Feb., 103 
fracture, Feb., 103 
office treatment, Feb., 332 
hemorrhage, Feb., 102-103 
nasal salute, Feb., 102 
obstruction, Feb., 102 
trauma, Feb., 103 
Nosebleed. See Nose, hemorrhage. 
Notebooks for parent education, Feb., 
360-61 
Novobiocin, dosage, for newborn, May, 
488 
therapeutic use in newborn, May, 516— 
17 


Novohistine, in allergic nasal rhinitis, 
Feb., 102 
in catarrhal otitis media, Feb., 100 
in nasal obstruction, Feb., 101 
N.T.Z. spray in catarrhal otitis media, 
Feb., 100 
Nursing. See Feeding, breast. 





Nutramigen, composition, May, 645 
Nutrition. See also Diet; Food; Vitamins. 
maternal, relation to fetal and neonatal 
morbidity and mortality, May, 424 
Nystatin, in moniliasis, Feb., 90, 103 
in neonatal candidiasis, May, 498 
therapeutic use in newborn, May, 515 


Osesity, during pregnancy, relation to 
fetai and neonatal morbidity and 
mortality, May, 424 

follow-up, Feb., 176 
physiology, Feb., 169 
treatment, Feb., 167-77 
Observation of newborn for disease, May, 
471-80 
Obstetrical injuries of spinal cord in new- 
born, May, 595 
Office, bacteriology, Feb., 118-20 
business, Feb., 375 
consultation room, Feb., 375 
emergency room, Feb., 379-81 
equipment and supplies, Feb., 373-85 
examining rooms, Feb., 375—9 
measurement of physical growth, Feb., 
13-18 
practice and procedures, symposium on, 
Feb., 1-396 
receptionist space, Feb., 375 
surgery, Feb., 329-36 
waiting room, Feb., 373-5 
Ointments, Feb., 43 
in infantile eczema, Feb., 311, 312 
Olac, composition, May, 645 
Oleandomycin, therapeutic use in new- 
born, May, 517 
Oligohydramnios, 
May, 461 

Oligomenorrhea, Feb., 347 

Oligophrenia, phenylpyruvic, Feb., 194 

Omphalitis, in newborn, May, 487 

Orange juice for newborn, May, 648 

Orifices, medication for, Feb., 42-3 

Otitis media, acute, Feb., 97-101 

infection in, treatment, Feb., 99 
pain in, alleviation of, Feb., 98 
recurrence, prevention of, Feb., 
100-101 
streptococcal, Feb., 115 
treatment, Feb., 99-100 
as indication for tonsillectomy and 
adenoidectomy, Feb., 107 
external, Feb., 101 
Otobiotic in otitis media, Feb., 100 
Ovary, tumor, pseudohermaphroditism 
due to, May, 564 


effect on newborn, 








Oxygen, deficiency, anoxia, cerebral in- 


sults from, at birth, May, 599-601 


therapy, in respiratory distress syn- 


drome, May, 534, 535 
Oxytetracycline, therapeutic use in new- 
born, May, 520, 521 


Pan, in flat foot, Feb., 237 
in otitis media, alleviation of, Feb., 98 
Palsy. See Paralysis. 
Pamphlets for parent education, Feb., 
361-3 
Pancreas in newborn, May, 562-3 
Papillitis, anal, Feb., 154 
Paradione. See Paramethadione. 
Paradrine-Sulfa for nasal discharge, Feb., 
102 
Paraldehyde in convulsions, Feb., 195 
in newborn, May, 598 
Paralysis, cerebral, Feb., 194 
facial nerve, in newborn, May, 597-8 
Paramethadione in epilepsy, Feb., 198 
Parathyroid, hyperparathyroidism, during 
pregnancy, relation to fetal and 
neonatal morbidity and mortality, 
May, 425 
maternal, tetany of newborn asso- 
ciated with, May, 557 
hypoparathyroidism, idiopathic, in new- 
born, May, 557, 558 
in newborn, May, 557-8 
pseudohypoparathyroidism, in 
born, May, 557, 558 
Paregoric for pain in otitis media, Feb., 98 
Parenteral therapy in newborn, May, 620 
Parent-pediatrician relations, in antepar- 
tum period, May, 441-5 
in neonatal period, May, 441-53 
at home, May, 450-52 
in hospital, May, 445—50 
Parents, adapting, relations with pedia- 
trician in neonatal period, May, 451 
anticipatory guidance, Feb., 3-6 
counseling, Feb., 353-72 
in infantile eczema, Feb., 310 
in mental retardation, Feb., 203-206 
in mongolism, Feb., 207-11 
education program, Feb., 357-69 
questions, answering, Feb., 353-72 
Pastes, Feb., 43 
Patent drugs vs. compounded prepara- 
tiofis, Feb., 45-6 
Pathology laboratory, contribution to 
diagnosis in newborn, May, 461-70 
Patient, age of, as factor in choice of peni- 
cillin, Feb., 55 


new- 
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Pedameth in diaper dermatitis, Feb., 255 
Pediatric morality and perinatal mortality, 
May, 411-12 
Pediatrician, relations with adapting par- 
ents in neonatal period, May, 451 
responsibilities, Feb., 353-4 
Pediatrician-parent relations. See Parent- 
pediatrician relations. 
Pediatrics, scope, Feb., 354 
Penicillin, aqueous, Feb., 56 
benzathine, Feb., 56-8 
cost of, Feb., 61 
dosage, Feb., 60 
in streptococcal infections, Feb., 57 
in streptococcal pharyngitis, Feb., 
115 
therapeutic use, in newborn, May, 
518 
choice of, Feb., 53-66 
factors in, Feb., 54—5 
cost of, Feb., 61 
as factor in choice, Feb., 55 
dosage, Feb., 60 
for newborn, May, 488 
duration of therapy, Feb., 60 
forms, Feb., 56-60 
G, Feb., 58 
generic and trade names, Feb., 64 
in otitis media, Feb., 99 
in peritonsillar abscess, Feb., 104 
in scarlet fever, Feb., 87 
in streptococcal infections, Feb., 57 
in streptococcal pharyngitis, Feb., 115 
in tonsillar infections, Feb., 104 
oral forms, Feb., 58—9 
choice of, Feb., 59-60 
parenteral, Feb., 56-8 
phenoxymethyl, Feb., 58-9 
potassium alpha-phenoxymethyl, Feb., 
59 


procaine, Feb., 56 
prophylactic use, Feb., 61-3 
against scarlet fever, Feb., 88 
response to, Feb., 55-6 
sensitivity to, as factor in choice of, 
Feb., 55 
synthetic, Feb., 59 
therapeutic use in newborn, May, 517- 
18 
topical forms, Feb., 60 
V, Feb., 58-9 
Pentobarbital, in convulsions, Feb., 195, 
196 
preoperative use, for 
Feb., 99 
Perinatal distress syndrome, May, 426 
Perinatal infections, May, 464-8 
Perinatal mortality and pediatric morality, 
May, 411-12 


myringotomy, 
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Peritonsillar swelling and abscess, Feb., 
104 
Permapen. See Penicillin, benzathine. 
Pertussis. See Whooping cough. 
Petit mal. See under Epilepsy. 
Petrolagar in constipation, Feb., 165 
Pharmacists, cooperation with physicians, 
Feb., 50-51 
Pharyngitis, exudative, Feb., 112 
streptococcal, Feb., 114-15 
Phenethicillin. See Penicillin. 
Phenobarbital, in breast hyperplasia in 
newborn, Feb., 338 
in colic, Feb., 144 
in convulsions, Feb., 194, 195, 196 
in newborn, May, 598 
in grand mal epilepsy, Feb., 197, 201 
Phenomenon, Marcus Gunn, May, 579 
Phenoxymethylpenicillin, therapeutic use, 
in newborn, May, 517 
Phensuximide in petit mal epilepsy, Feb., 
199 
Phenylephrine, for nasal discharge, Feb., 
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for nasal obstruction, Feb., 101, 102, 
112 
Phenylpyruvic oligophrenia, Feb., 194 
pHiso-ac Cream in acne, Feb., 270 
pHisoHex in acne, Feb., 270 
Physical growth, measurement, Feb., 13- 
18 
Physicians, as teachers, Feb., 355-6 
bag, Feb., 384 
cooperation with pharmacists, Feb., 
50-51 
dispensing of medications, Feb., 49-50 
duties in sudden death in infants, Feb., 
77-9 
role in menstrual education, Feb., 343— 


4 
Physiology of obesity, Feb., 169 

Pigeon toes. See Metatarsus adductus. 
Pills, Feb., 42 

Pipenzolate methylbromide in colic, Feb., 


Piptal. See Pipenzolate methylbromide. 
Pituitary gland, anterior, in newborn, 
May, 551-2 
posterior, in newborn, May, 552-3 

Placebo, therapeutic use, Feb., 34-5 
Placentag abnormalities, May, 462 

examination, May, 462-3 

hemorrhage, May, 462 

infarcts, May, 467, 468 

thrombotic lesions, May, 467, 468 
Plagiocephaly in newborn, May, 591 
Platelet count in hemorrhagic diathesis, 

Feb., 137 
Pneumococci, bacteriologic identification, 

Feb., 120 





Pneumococci, infections due to, respira- 
tory tract, Feb., 116-17 
Pneumococcosis, Feb., 117 
Pneumonia in newborn, May, 485-7 
Pneumothorax in newborn, signs, May, 
475, 478 
Poison ivy, antigens, Feb., 259-60 
dermatitis. See Rhus dermatitis. 
Poisoning, accidental, emetics in, Feb., 
351-2 
sudden death due to, Feb., 81 
Poliomyelitis during pregnancy, relation 
to fetal and neonatal morbidity and 
mortality, May, 423 
gamma globulin in, Feb., 69 
immune globulin, human, Feb., 67, 68 
immunization schedule, Feb., 31 
Poliovirus, Feb., 112 
Pollen allergy, Feb., 290 
Polykol in constipation, Feb., 165 
Polymyxin, dosage, for newborn, May, 
488 
therapeutic use in newborn, May, 518- 


Port-wine stain. See Nevus venosus. 
Posture, average, Feb., 214 
deviations, anterior-posterior, 
215-16 
treatment, Feb., 222 
evaluation of, Feb., 218-19 
identification of, Feb., 214-19 
lateral, Feb., 216-17 
examination, Feb., 214-17 
screening, Feb., 218 
faulty, Feb., 213-24 
of newborn, examination for, May, 580 
training, Feb., 221-2 
Potassium iodide in bronchial asthma, 
Feb., 298 
Potassium lactate solution, Darrow’s, for 
edema in newborn, May, 615 
Potassium permanganate in 
eczema, Feb., 309, 311 
Prednisolone in alopecia, Feb., 257 
Pregnancy. See also Fetus. 
diabetes mellitus during, relation to 
fetal and neonatal morbidity and 
mortality, May, 424, 430-31 
heart disease during, relation to fetal 
morbidity and mortality, May, 427-8 
infectious diseases during, relation to 
fetal and neonatal morbidity and 
mortality, May, 423-4 
neoplastic disease during, relation to 
fetal and neonatal morbidity and 
mortality, May, 429-30 
nonobstetric’ surgical complications, re- 
lation to fetal and neonatal morbid- 
ity and mortality, May, 431-2 
prenatal care, Feb., 8-9 


Feb., 


infantile 











Pregnancy, prenatal considerations in an- 
ticipatory guidance, Feb., 3—4 
pyelonephritis during, relation to fetal 
and neonatal morbidity and mortal- 
ity, May, 427 
thyroid disease during, relation to fetal 
and neonatal morbidity and mortal- 
ity, May, 428-9 
toxemia of, relation to fetal and neo- 
natal morbidity and mortality, May, 
422, 426-7 
Prelactation nursing, May, 631—2 
Premature infant, gamma globulin for, 
Feb., 7 
kernicterus in, incidence, May, 543 
serum bilirubin concentration, May, 
543 
Prematurity, respiratory distress syndrome 
of, May, 525-38 
Prenatal. See Fetus; and under Pregnancy. 
Prepuce, retracted, office treatment, Feb., 


Prescriptions, Feb., 43-4 
writing of, Feb., 43-6 

Primidone in grand mal epilepsy, Feb., 
199, 202 

Proctoscopic examination of anus and 
rectum, Feb., 153 

Progestins, oral, hazards to newborn from 
administration to mother, May, 413-14 

Prolapse of rectum, office treatment, Feb., 
33) 

Proprietary drugs vs. compounded prep- 
arations, Feb., 45-6 

Protein in human and cow’s milk, May, 
643, 644 

Protein S.M.A., composition, May, 645 

Prothrombin. See under Blood. 

Pruritus ani, Feb., 154 

Pseudodiabetes mellitus in newborn, May, 
562, 622-3 

Pseudohermaphroditism. See 
Hermaphroditism. 

Pseudohypoparathyroidism in newborn, 
May, 557, 558 

Psychotherapy, Feb., 35-6 

Puberty. See also Adolescence. 
stages, Feb., 17 
status, Feb., 13 

measurement of, technique, Feb., 17 

Pubic hair, developmental stages, Feb., 17 

Puncture. See under Spinal puncture. 

Purpura, idiopathic thrombocytopenic, 
during pregnancy, relation to fetal and 
neonatal morbidity and mortality, May, 
425 

Pyelonephritis during pregnancy, relation 
to fetal and neonatal morbidity and 
mortality, May, 427 


under 
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Pyralgin for fever, Feb., 74 
in convulsions, Feb., 195, 196 
in measles, Feb., 85 
Pyridoxine, dependency, in 
May, 601 
in pyridoxine dependency, May, 601 
Pyrimethamine in toxoplasmosis, May, 
496 


newborn, 


Rasies, Feb., 279 
treatment, postexposure, Feb., 280 
Radius, head of, subluxation, office treat- 
ment, Feb., 332 
Rash due to Dilantin therapy, Feb., 197 
Reaction, defense, Feb., 321 
tuberculin, Feb., 287 
Rebellion, Feb., 322-3 
Recall card, Feb., 393-4 
Receptionist space, Feb., 375 
Records, and forms, Feb., 389-96 
clinical, Feb., 390-93 
health, Feb., 394 
laboratory, Feb., 392-3 
Rectum. See also Anus; Enema. 
diseases, treatment, Feb., 153-4 
examination, internal, preparation for, 
Feb., 152-3 
inspection, Feb., 151-2 
procidentia, Feb., 154 
proctoscopic examination, Feb., 153 
prolapse, Feb., 154 
office treatment, Feb., 335 
Reflex. See also Automatism. 
in newborn, neurologic examination for, 
May, 583-4 
phenomena, in breast feeding, May, 
633 
Respiration, noisy, Feb., 121-2 
Respiratory acidosis in respiratory distress 
syndrome, May, 531 
Respiratory distress syndrome, May, 431, 
475 
of-prematurity, May, 525-38 
biochemical changes, 
531-4 
clinical definition, May, 526 
electrocardiographic changes, 
May, 530-31 
incidence, May, 526—7 
mortality, May, 526-7 
natural history, May, 527-9 
prognostic signs, May, 529 
radiologic changes, May, 529- 
30 
treatment, general, May, 534—5 
metabolic, May, 536-7 
signs of, May, 478 


May, 
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Respiratory symptoms in newborn, May, 
4 
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Respiratory tract. See also Nose. 
allergy, Feb., 289-305 
infections, sudden death due to, 


Feb., 80 
upper, infections of, acute, Feb., 
111-20 


recurrent, Feb., 291-2 
viral, Feb., 111-13 

Retention enema, Feb., 155 

Revenge, Feb., 323 

Rh disease, jaundice of, May, 540-42 

Rheumatic fever, prophylaxis, Feb., 62-3 
relation to tonsillitis, Feb., 106 

Rhinitis, allergic, Feb., 102 
perennial, Feb., 291 
seasonal, Feb., 289-94 
treatment, Feb., 293 

Rhinosinusitis, allergic, Feb., 292 

Rhus dermatitis, Feb., 259-63 

Ristocetin, dosage, for newborn, May, 488 

therapeutic use in newborn, May, 519 

Rocking, Feb., 318-19 

Roentgen examination of skull and spine 

of newborn, May, 584 

Rooming-in, May, 446, 447 

Rose fever. See Rhinitis, allergic. 

Rubella, during pregnancy, relation to 
fetal and neonatal morbidity and 
mortality, May, 423 

gamma globulin in, Feb., 69-70 

Rubeola. See Measles. 


SALICYLATES, hazards to newborn from 
administration to mother, May, 416 

Saline solution in poisoning, Feb., 351 

Salt solution in dysmaturity of newborn, 
May, 614 

Salute, nasal, Feb., 102 

Scarlet fever, during pregnancy, relation to 

fetal and neonatal morbidity and 
mortality, May, 423 
treatment, in home, Feb., 87-8 

Schick test, Feb., 288 

Schools for mongolian children, Feb., 
210-11 

Schwart’s Ointment in infantile eczema, 
Feb., 311 

Sclerema, in newborn, May, 477, 479 
in respiratory distress syndrome, May, 

528 

Scoliosis. See under Spine, curvature. 

Scratch tests, Feb., 286 

Seborrhea vs. diaper dermatitis, Feb., 
254 








Secobarbital in convulsions, Feb., 195 
Seconal. See Secobarbital. 
Sedation in bronchial asthma, Feb., 298- 
9 
Self-protection, behavior problems due to, 
Feb., 321 
Sensation in newborn, neurologic exami- 
nation for, May, 584 
Sepsis in newborn, May, 485 
prevention, May, 489 
signs, May, 478 
treatment, May, 487 
Serum, bilirubin concentration, in pre- 
mature infants, May, 543 
globulin, immune, Feb., 67 
Sex, activity in mongolism, Feb., 208- 
209 


behavior problems due to, Feb., 324 
development, body changes in, Feb., 
345 
differentiation, May, 563 
Shoes, corrective, for flat foot, Feb., 234, 
235, 236 
for metatarsus adductus, Feb., 241, 
244 
for infants, Feb., 364—5 
Sickle cell disease during pregnancy, rela- 
tion to fetal and neonatal morbidity 
and mortality, May, 425 
Signemycin, therapeutic use in newborn, 
May, 519. See also Tetracycline; Tri- 
acetyloleandomycin. 
Signs, associated with disease in newborn, 
May, 478 
of health in newborn, May, 479 
Silver nitrate in infantile eczema, Feb., 
311 
Similac, composition, May, 645 
Skeleton. See Bones. 
Skin. See also Sensation. 
care, in acne, Feb., 266—7 
in diabetes mellitus, Feb., 181 
tests, Feb., 285-8 
conjunctival, Feb., 286 
intradermal, Feb., 286 
scratch, Feb., 286 
turgor, in newborn, May, 477 
Skull. See Cranium. 
Sleep during breast feeding, May, 635 
SMA, composition, May, 645 
Smallpox, immunization schedule, Feb., 
31 


vaccination, complications, 
globulin in, Feb., 68 
variola, during pregnancy, relation to 
fetal and neonatal morbidity and 
mortality, May, 423 
Snakes, bites, Feb., 281-2 
Sobee, composition, May, 645 


gamma 











Sodium bicarbonate, in neonatal acidosis, 
May, 617 
solutions, in respiratory distress syn- 
drome, May, 536 

Sodium borate in neonatal candidiasis, 
May, 498 

Sodium chloride, in formula feeding, 

May, 641 
solution, in neonatal adrenal insuffi- 
ciency, May, 623 

Solu-Cortef. See Hydrocortisone. 

Solu-Medrol. See Methylprednisolone. 

Solutions, Feb., 41 
in poisoning, Feb., 351, 352 

Somatotropin in newbom infant, May, 
552 

Soyalac, composition, May, 645 

Spiders, bites, Feb., 274-5 

Spinal cord, abnormalities, diastemato- 

myelia, in newborn, May, 590 
injuries, in newborn, May, 594-6 

Spinal fluid. See Cerebrospinal fluid. 

Spinal progressive muscular atrophy, in- 
fantile, May, 602-603 

Spinal puncture, cisternal, in newborn, 

May, 586-7 
lumbar, in newborn, May, 585-6 
in subarachnoid hemorrhage, May, 
594 
ventricular, in newborn, May, 587 
Spine, curvature, lateral, treatment, Feb., 
scoliosis, acquired, Feb., 220 
congenital, Feb., 220 
treatment, Feb., 222-3 
roentgen examination, in newborm, 
May, 584 

Spirits, Feb., 41 

Sponge bath for fever, Feb., 73 

Spontin. See Ristocetin. 

Spoons, in home measures of drugs, Feb., 

47 
measuring, tolerance of, Feb., 47 

Staphcillin. See Penicillin. 

Starvation, acute, during pregnancy, rela- 
tion to fetal and neonatal morbidity 
and mortality, May, 424 

Statements, monthly, Feb., 395-6 

Stature, Feb., 13 
measurement, technique, Feb., 14-15 

Status thymicolymphaticus, sudden death 
ascribed to, Feb., 82 

Sterilization of equipment and supplies, 
Feb., 382 

Sterofds, in bronchial asthma, Feb., 304— 

305 
in poison ivy dermatitis, Feb., 262 
systemic, in infantile eczema, Feb., 312 
Stomatitis, Feb., 89-90 


CUMULATIVE INDEX 669 


Stools. See Feces. 
Strawberry nevi, Feb., 250 
Streptococci, bacteriologic identification, 
Feb., 119, 120 
infections due to, penicillin in, Feb., 
57 
respiratory tract, Feb., 113-16 
Streptococcosis, Feb., 116 
Streptomycin, dosage, for newborn, May, 
488 
therapeutic use in newborn, May, 519- 
20 
Subarachnoid hemorrhage in newborn, 
May, 593, 594 
Subdural. See under Meninges. 
Subluxation of head of radius, office 
treatment, Feb., 332 
Subungual hematoma, office treatment, 
Feb., 333-4 
Sucking, Feb., 317 
demand, excessive, colic due to, Feb., 
145 
Suffocation, sudden death ascribed to, 
Feb., 81 
Sulfadiazine, cost of, Feb., 64 
in toxoplasmosis, May, 496 
Sulfa-lac in acne, Feb., 270 
Sulfonamides, in recurrent otitis media, 
Feb., 100 
in tonsillar infections, Feb., 104 
therapeutic use in newborn, May, 520 
Supertar in infantile eczema, Feb., 312 
Supplies, office, Feb., 373-85 
sterilization, Feb., 382 
Suppositories, Feb., 42 
Surgery, office, Feb., 329-36 
equipment, Feb., 329-30 
packs for, Feb., 388 
sudden death due to, Feb., 81 
Suspensions, Feb., 42 
Suture of lacerations, Feb., 330-32 
Swimmer’s ear. See Otitis media, external. 
Symptoms, cardiac, in newborn, May, 
476-7 
cardiovascular, in newborn, May, 474- 


dermatologic, in newborn, May, 477, 
479 
gastrointestinal, in newborn, May, 472 
neuromuscular, in newborn, May, 472, 
474 
respiratory, in newborn, May, 475-6 
Syndrome, gray, May, 512 
of feminizing testes, May, 565 
respiratory distress, of prematurity, 
May, 525-38 
Turner's. See Gonads, dysgenesis. 
Syphilis, congenital, vs. diaper dermatitis, 
Feb., 254 
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Syphilis, during pregnancy, relation to 
fetal and neonatal morbidity and mor- 
tality, May, 424 

Syringes, Feb., 381-2 
dressings and instruments, sterilization 

and storage, Feb., 387-8 
Syrups, Feb., 41 


Tastets, Feb., 42 
TAO. See I riacetyloleandomycin. 
Tar ointment in infantile eczema, Feb., 
311, 312 
Taralba in infantile eczema, Feb., 312 
Teachers, physicians as, Feb., 355-6 
Teeth, Feb., 91-5 
accidents, Feb., 93-5 
eruption, order of, Feb., 91-2 
injuries, Feb., 93-5 
supernumerary, Feb., 92 
Teething, symptoms, Feb., 92 
Temaril. See Trimeprazine. 
Temper tantrums, Feb., 316 
Temperature, body, in newborn, May, 
476 
Temperature taking, Feb., 75 
Tempra. See Acetaminophen. 
Tensilon. See Edrophonium. 
Tensions, emotional, oral manifestations 
of, Feb., 317-18 
Terramycin. See Oxytetracycline. 
Terrors, night, Feb., 319-20 
Testes, feminizing, syndrome of, May, 
565 
Tests, diagnostic, neurologic, in newborn, 
May, 584-8 
Dick, Feb., 288 
Schick, Feb., 288 
skin. See Skin tests. 
tourniquet, in hemorrhagic diathesis, 
Feb., 136-7 
Tetanus immunization schedule, Feb., 31 
Tetanus neonatorum, May, 490-91 
Tetany of newborn, May, 557 
Tetracycline. See also Chlortetracycline; 
_Oxytetracycline. 
cost of, Feb., 61 
dosage, for newborn, May, 488 
for nasal discharge, Feb., 102 
in otitis media, Feb., 99 
in peritonsillar abscess, Feb., 104 
therapeutic use in newborn, May, 520- 
21 


Tetracyn. See Tetracycline. 
Thelarche, premature, Feb., 338-9 
Thomas heel for flat foot, Feb., 234 
Thorazine. See Chlorpromazine. 
Throat, diseases of, Feb., 103-104 
Thrush, Feb., 90 








Thumb-sucking, Feb., 92-3, 317 
Thyroid, disease, during pregnancy, rela- 
tion to fetal morbidity and mortal- 
ity, May, 428-9 
hyperthyroidism, during pregnancy, re- 
lation to fetal and neonatal morbid- 
ity and mortality, May, 425, 428 
hypothyroidism, congenital, May, 
554-5 
during pregnancy, relation to fetal 
and neonatal morbidity and mor- 
tality, May, 429 
in newborn, May, 553-7 
Thyrotoxicosis, congenital, May, 556-7 
Thyroxin, defective synthesis, hypothy- 
roidism due to, May, 555 
Ticks, bites, Feb., 278 
Tinctures, Feb., 42 
Toenails, ingrown, office treatment, Feb., 
333 
Toes, pigeon. See Metatarsus adductus. 
Toilet training, Feb., 5 
Tonsillectomy, age for, Feb., 107-108 
hospitalization of child, Feb., 109 
indications for, Feb., 105—107 
postoperative care, Feb., 109-10 
surgical procedure, Feb., 108-109 
time for, Feb., 107-108 
Tonsillitis, relation to rheumatic fever, 
Feb., 106 
Tonsils, after acute disease, Feb., 106 
and adenoids, Feb., 105-10 
infections, Feb., 103-104 
Tourniquet test in hemorrhagic diathesis, 
Feb., 136-7 
Toxemia of pregnancy, relation to fetal 
and neonatal morbidity and mortality, 
May, 422, 426-7 
Toxoplasmosis in newborn, May, 493-6 
clinical manifestations, May, 494, 
495 
laboratory procedures, May, 495 
pathology, May, 494 
treatment, May, 496 
Training, postural, Feb., 221-2 
toilet, Feb., 5 
Transfusion, blood. See Blood, transfu- 
sion. 
Transillumination of head of newborn, 
May, 585 
Trauma, cerebral insults from, at birth, 
May, 599-601 
neurologic, in newborn, May, 593-8 
psychological, as factor in choice of 
penicillin, Feb., 55 
Triacetyloleandomycin, therapeutic use in 
newborn, May, 522 
Triamcinolone in infantile eczema, Feb., 
312 











Tridione. See Trimethadione. 
Trigonocephaly in newborn, May, 591 
Trimeprazine, for mosquito bites, Feb., 
274 
preoperative 
Feb., 99 
‘Trimethadione in epilepsy, Feb., 198 
Tuberculin reaction, Feb., 287 
Tuberculosis during pregnancy, relation 
to fetal and neonatal morbidity and 
mortality, May, 424 
Tumors, angioma, hemangioma, Feb., 
250 
melanoma, malignant, during preg- 
nancy, relation to fetal and neonatal 
morbidity and mortality, May, 430 
ovarian, pseudohermaphroditism due 
to, May, 564 
sudden death due to, Feb., 80 
Turgor, skin, in newborn, May, 477 
Turner’s syndrome. See Gonads, dys- 
genesis. 
Twinning, special problems in, May, 
468-9 
Tylenol. See Acetaminophen. 
Tyotocin, in external otitis media, Feb., 


use, for myringotomy, 


in otitis media, Feb., 100 

Typhoid fever during pregnancy, relation 
to fetal and neonatal morbidity and 
mortality, May, 423 


UmsBItica artery, single, May, 463 
Umbilicus, hernia, Feb., 149 
Undernutrition, chronic, during preg- 
nancy, relation to fetal and neonatal 
morbidity and mortality, May, 424 
Urine, checks, in diabetes mellitus, Feb., 
181-3 
incontinence, Feb., 325-8 


VAccINATION. See also Immunization. 
procedure, forms for, Feb., 395 
smallpox, complications of, gamma 

globulin in, Feb., 68 

Vaccines in allergic rhinitis, Feb., 294 

Vaccinia, gamma globulin in, Feb., 68 

Vancocin. See Vancomycin. 

Vancomycin, dosage, for newborn, May, 

488 
therapeutic use in newborn, May, 522 

Varamel, composition, May, 645 

Varicella. See Chickenpox. 

Variola during pregnancy, relation to fetal 
and neonatal morbidity and mortality, 
May, 423 
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Ventricular puncture in newborn, May, 
587 
Ventriculography in newborn, May, 588 
Verruca, Feb., 250-51 
Vi-Dom in acne, Feb., 268 
Vioform Creme in infantile eczema, Feb., 
311, 312 
Viremia, sudden death due to, Feb., 81 
Virilism, fetal, due to androgens, May, 
414 
due to estrogens, May, 414 
due to progestins, May, 413, 414 
Viruses, adenovirus, respiratory infections 
due to, Feb., 112 
Coxsackie, Feb., 113 
infection due to, in newborn, May, 
498-501 
pathology, May, 500 
symptoms, May, 500 
treatment, May, 501 
during pregnancy, relation to fetal 
and neonatal morbidity and 
mortality, May, 423 
ECHO, Feb., 113 
enteroviruses, Feb., 112-13 
infections due to, as cause of sudden 
death, Feb., 81 
perinatal infections due to, May, 464 
poliovirus, Feb., 112 
respiratory infections due to, Feb., 
111-13 
Vision, and hearing, defects, Feb., 185-91 
development, Feb., 187 
screening, Feb., 187 
Vitamin B complex in constipation, Feb., 
165 
Vitamin K, analogues, hazards to new- 
born from administration to 
mother, May, 417 
for neonatal hemorrhage, May, 614 
for newborn?, May, 455-9 
Vitamins for newborn, May, 648 


WailtTinc room, Feb., 373-5 
Warts. See Verruca. 
Wasps, extracts, Feb., 276 
stings, Feb., 275-7 
Water, in formula feeding, May, 641, 
644 
mustard, in poisoning, Feb., 351 
requirements, in newborn, May, 620 
Waters, aromatic, Feb., 41 
Wedging, for flat foot, Feb., 234 
for metatarsus adductus, Feb., 244 
Weight, Feb., 13 
anticipatory guidance, Feb., 4-5 
measurement, technique, Feb., 14 
Well Child supervision, Feb., 356 
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West nomogram, Feb., 38, 39 
Whooping cough, gamma globulin in, 
Feb., 69 
immunization schedule, Feb., 31 
Witch’s milk, Feb., 337 
Wounds, preparation, for office surgery, 
Feb., 330 
Wringer injuries, office treatment, Feb., 
335-6 


Xy.Locaine. See Lidocaine. 


Zinc oxide paste in infantile eczema, 
Feb., 311 

Zinc sulfate solution in poisoning, Feb., 
352 


Zymenol in constipation, Feb., 165 














